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©  Method  and  apparatus  for  treating  fluent  materials. 
A  process  for  heating  fluids  to  a  relatively  high  tempera- 

ture,  such  as  sterilization  of  UHT  temperature,  in  which  the 
fluid,  such  as  a  liquid,  is  heated  by  direct  contact  with  steam 
while  it  in  the  form  of  a  very  thin,  free-falling  film  or  a  continu- 
ous  falling  stream  so  that  heating  of the  fluid  is  accomplished 
without  the  fluid  coming  into  contact  with  any  surface  and 
particularly  metal  surfaces  which  are  hotter  than  the  fluid 
product  being  heated  and  with  minimum  agitation  and  tur- 
bulence  of  the  fluid  product.  This  procedure  enables  maxi- 
mum  and  uniform  heat  penetration  in  a  minimum  time  inter- 
val  with  the  film  or  stream  being  maintained  as  thin  as  poss- 
ible  and  unbroken  by  introducing  steam  at  a  relatively  low 
velocity  in  a  large  volume  vessel.  A  flow  control  is  incorpo- 
rated  into  the  apparatus  to  maintain  a  constant  flow  rate  of 
fluid  and  to  maintain  a  constant  and  critical  fluid  level  in  the 
bottom  portion  of  the  large  volume  vessel  with  the  flow 
characteristics  of  the  apparatus  and  the  internal  forces  pro- 
duced  by  the  apparatus  serving  to  counterbalance  each  other 
to  provide  a  relatively  simple  but  yet  accurate  flow  rate,  and 
liquid  level  controlsforthefluid  being  heated. 



T e c h n i c a l   F i e l d :  

The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  a  p r o c e s s   a n d  

a p p a r a t u s   f o r   s t e r i l i z i n g   f l u e n t   m a t e r i a l s   w i t h o u t  

d i s t u r b i n g   t h e   n a t u r a l   f l a v o r   and  s t a b i l i t y   of  t h e s e  

m a t e r i a l s .   The  i n v e n t i o n   has   p a r t i c u l a r   a p p l i c a t i o n   t o  

f l u e n t   f o o d   p r o d u c t s .  

B a c k g r o u n d   A r t :  

A  m a j o r   s t e p   f o r w a r d   in  h e a t   t r e a t m e n t   of  f l u i d  

food   p r o d u c t s   was  made  in  t he   1 9 t h   c c n t u r y   w i t h   t h e  

d e v e l o p m e n t   of  p a s t e u r i z a t i o n ,   a  p r o c e s s   of  p a r t i a l  

s t e r i l i z a t i o n   i n v o l v i n g   s u b j e c t i n g   a  s u b s t a n c e ,  

p a r t i c u l a r l y   a  l i q u i d ,   to  a  t e m p e r a t u r e   f o r   a  p e r i o d   o f  

t i m e   t h a t   d e s t r o y s   d i s e a s e - c a u s i n g   o r g a n i s m s   w i t h o u t  

m a j o r   c h e m i c a l   a l t e r a t i o n   of  t he   s u b s t a n c e .   N u m e r o u s  

o t h e r   t e c h n i q u e s   have   been   d e v e l o p e d   more  r e c e n t l y  

w h e r e i n   f l u e n t   food   p r o d u c t s   a r e   c o m p l e t e l y   s t e r i l i z e d  

to  e l i m i n a t e   b a c t e r i a l   s p o i l a g e   and  p e r m i t   s t o r a g e  

w i t h o u t   r e f r i g e r a t i o n .   H o w e v e r ,   t he   a f f l u e n t   c o n s u m e r s  

of  m o d e r n   food   p r o d u c t s   do  no t   v i ew   che  use   o f  

p r e s e r v e d   f o o d s   s i m p l y   as  a  t e c h n i q u e   of  s t a v i n g   o f f  

s t a r v a t i o n ,   bu t   r a t h e r   have   the   o p t i o n   to   c h o o s e   t h e  

mos t   a p p e a l i n g   food   p r o d u c t s   a t   w i l l .   Thus   t h e   f a c t o r s  

t h a t   make  food   p r o d u c t s   a p p e a l i n g   to  m o d e r n   c o n s u m e r s  

have   b e c o m e   the   mos t   c r i t i c a l   f a c t o r s   to  be  o b s e r v e d   i n  

food   p r o c e s s i n g   and  p r e s e r v a t i o n .   The  mos t   c r u c i a l   o f  

t h e s e   f a c t o r s   w i t h o u t   d o u b t   a r e   t a s t e   a n d  

c o n v e n i e n c e .   Of  t h e s e   two  f a c t o r s   t a s t e   i s   p e r h a p s  



p a r a m o u n t   a l t h o u g h   c o n v e n i e n c e   is   b e c o m i n g   more  a n d  

more   c r i t i c a l ,   e s p e c i a l l y   as  i t   r e l a t e s   to   e n e r g y  
c o n s e r v a t i o n .  

The  n a t u r a l   f l a v o r   is   an  e s p e c i a l l y   c r i t i c a l  

f a c t o r   in  p r o d u c t s   s u c h  a s   m i l k   to   w h i c h   v i r t u a l l y  

e v e r y o n e   i s   e x p o s e d   d u r i n g   h i s   l i f e t i m e .   N e a r l y   e v e r y  

c o n s u m e r   h a s   t a s t e d   m i l k   and  knows  e x a c t l y   how  i t  

s h o u l d   t a s t e .   In  many  c a s e s   c o n s u m e r s   have   a l s o   t a s t e d  

s o u r   o r   s l i g h t l y   s o u r   m i l k   and  v a r i o u s  f o r m s   of  f u l l y -  

s t e r i l i z e d   or   p r o c e s s e d   m i l k .   Due  to   s u c h   w i d e - s p r e a d  

and  o f t e n   l i f e - l o n g   e x p e r i e n c e ,   c o n s u m e r s   d e v e l o p   a n  

a c u t e   s e n s i t i v i t y   to  f l a v o r   v a r i a t i o n s   in  m i l k  

p r o d u c t s .   S i m i l a r   c i r c u m s t a n c e s   a p p l y ,   a l t h o u g h   to   a  

l e s s e r   d e g r e e ,   to  o t h e r   common  p r o d u c t s   s u c h   as  o r a n g e  

j u i c e ,   b e e r ,   s e l e c t e d   t y p e s   of  soup   and  t h e   l i k e ,  

a l t h o u g h   m i l k   as  a  p r o d u c t   t h a t  o n e   e x p e r i e n c e s  

v i r t u a l l y   f rom  b i r t h ,   is   a  m a t t e r   of  p a r t i c u l a r  

s e n s i t i v i t y   to  c o n s u m e r s .   Thus  a  m a j o r   t e c h n i c a l  

p r o b l e m   t h a t   has   n a g g e d   the   d a i r y   i n d u s t r y   f rom  i t s  

i n c e p t i o n   i s   t h e   d e v e l o p m e m t   of  a  t e c h n i q u e   f o r   f u l l y  

s t e r i l i z i n g   m i l k   w i t h o u t   p e r c e p t i b l y   c h a n g i n g   i t s  

f l a v o r .   A l t h o u g h   the   i n d u s t r y  h a s   a c t i v e l y   r e s e a r c h e d  

t h i s   p r o b l e m   s i n c e   b e f o r e   t he   b e g i n n i n g   of  t h e  

t w e n t i e t h   c e n t u r y ,   e v e r y   s o l u t i o n   w h i c h   has   b e e n  

p r o p o s e d   has   f a i l e d   due  to   t he   c o m p l e x   n a t u r e   of  m i l k  

i t s e l f   and  due  to  t he   h i g h   s e n s i t i v i t y   of  t h e   c o n s u m i n g  

p u b l i c   to   s l i g h t   v a r i a t i o n s   in  t he   t a s t e   of  s t e r i l i z e d  

or  p r o c e s s e d   m i l k .  

The  c o s t   of  f r e s h   m i l k   is   r a i s e d   by  t h e   e x t e n s i v e  

r e f r i g e r a t i o n   e n e r g y   e x p e n d e d   by  d a i r y   p r o d u c e r s ,  

w h o l e s a l e r s   and  r e t a i l e r s   of  t he   p r o d u c t .   A c c o r d i n g l y  

f r e s h   m i l k   as  i t   is  p r e s e n t l y   known  and  u t i l i z e d   is   a  

p r o d u c t   t h a t   c r e a t e s   c o n s i d e r a b l e   i n c o n v e n i e n c e   i n  

r e q u i r i n g   n u m e r o u s   o t h e r w i s e   u n n e c e s s a r y   t r i p s   b y  



c o n s u m e r s   to  r e t a i l   e s t a b l i s h m e n t s   and  by  the   f a c t   t h a t  

c o n t i n u o u s   r e f r i g e r a t i o n   i s   r e q u i r e d .   Both  of  t h e s e  

u n d e s i r a b l e   f a c t o r s   c o u l d   be  e l i m i n a t e d   in  f u l l y  

s t e r i l i z e d   m i l k   were  a v a i l a b l e .   Such  a  p r o d u c t   w o u l d  

have   an  e x t e n s i v e   s h e l f ' l i f e   and  w o u l d   no t   r e q u i r e  

r e f r i g e r a t i o n   so  t h a t   c o n s u m e r s   c o u l d   p u r c h a s e   l a r g e  

q u a n t i t i e s   of  s t e r i l i z e d   m i l k   a t   r e g u l a r   i n t e r v a l s   f o r  

s t o r a g e   w i t h o u t   r e f r i g e r a t i o n .   S i m i l a r l y ,   w h o l e s a l e r s  

and  r e t a i l e r s   c o u l d   a l s o   s t o r e   l a r g e   q u a n t i t i e s   of  t h e  

p r o d u c t   w i t h o u t   r e f r i g e r a t i o n ,   t h e r e b y   r e d u c i n g   t h e  

o v e r a l l   c o s t   of  the   m a t e r i a l   to   t h e   c o n s u m e r .  

W h i l e   s t e r i l i z e d   m i l k   c l e a r l y   p o s s e s s e s   a  n u m b e r  

of  a d v a n t a g e s   f rom  the   p o i n t   of   v i ew   of  c o n v e n i e n c e   a n d  

e n e r g y   s a v i n g ,   t he   p r o b l e m   of  i t s   p r o d u c t i o n   w i t h o u t  

s u b s t a n t i a l   t a s t e   d i s t o r t i o n   r e l a t i v e   to  f r e s h   m i l k   h a s  

p r e v e n t e d   s t e r i l i z e d   m i l k   f rom  g a i n i n g   a  s u b s t a n t i a l  

f o o t h o l d   in  t he   c o n s u m e r   m a r k e t .   I t   is   t he   c o m p l e x  

c h e m i s t r y   of  m i l k   wh ich   makes   i t   p a r t i c u l a r l y   s u b j e c t  

to   c h a n g e s   in  t a s t e   upon  h e a t   t r e a t m e n t .   To  f u l l y  

u n d e r s t a n d   t h i s   t a s t e   s e n s i t i v i t y   of  m i l k   to  h e a t  

t r e a t m e n t ,   i t   is   b e l i e v e d   t h a t   a  b r i e f   summary  of  m i l k  

c h e m i s t r y   is   in  o r d e r .   Mi lk   w h i c h   has   been   s t e r i l i z e d  

by  h e a t   t r e a t m e n t   w i l l   h e r e i n   be  r e f e r r e d   to  as  " u l t r a  

h i g h   t e m p e r a t u r e " ,   or  UHT,  m i l k .  

I t   is   w e l l   known  to  t h o s e   s k i l l e d   in  t he   a r t   t h a t  

m i l k   c o n t a i n s   among  i t s   v a r i o u s   c o n s t i t u e n t s   t h e  

f o l l o w i n g   n u t r i e n t   i t e m s :  

W a t e r  
P r o t e i n s ,   such   as  c a s e i n ,   l a c t a l b u m i n ,   l a c t o g l o b u l i n  
V i t a m i n s  
G a s e s  
Mi lk   f a t  
L a c t o s e  ( s u g a r   of  m i l k )  
Mi lk   a s h  
P i g m e n t s  
E n z y m e s  
C e l l u l a r   m a t e r i a l  



Each   of  t h e s e   n u t r i e n t s   r e a c t s   d i f f e r e n t l y   u p o n  

e x p o s u r e   to   v a r i o u s   t e m p e r a t u r e   r a n g e s   f o r   s e l e c t e d  

t i m e   i n t e r v a l s .   Thus  any  h e a t   t r e a t m e n t   of  m i l k   m u s t  

t a k e   i n t o   e f f e c t   t h e   c h a r a c t e r i s t i c s   o f   t h e s e   n u t r i e n t s  

as  w e l l   as  o t h e r   o r g a n i s m s   s u c h   as  b a c t e r i a ,   s p o r e s ,  

y e a s t   and  mold  p r e s e n t   in  non-UHT  m i l k .   U n f o r t u n a t e l y ,  

a l l   of  t h e   r e l a t i o n s h i p s   b e t w e e n   t he   v a r i o u s   e l e m e n t s  

c o n s t i t u t i n g   m i l k   a r e   not   f u l l y   u n d e r s t o o d ,   even   b y  

t h o s e   h i g h l y   s k i l l e d   in  t h e  a r t   of  m i l k   c h e m i s t r y .  

Thus   i t   i s   o n l y   by  e x p e r i m e n t a t i o n   w i t h   new  t e c h n i q u e s  

f o r   s t e r i l i z i n g   m i l k   t h a t   a  p r o c e s s   and  a p p a r a t u s   c a n  

be  d e v e l o p e d   w h e r e i n   UHT  m i l k   i s   p r o d u c e d   b u t   s t i l l  

r e t a i n s   a l l   of  the   d e s i r a b l e   q u a l i t i e s   a n d  

c h a r a c t e r i s t i c s   of  f r e s h   m i l k   s u c h   as  f l a v o r ,  

s t a b i l i t y ,   body  and  c o l o r .  

As  a  r e s u l t   of  e x t e n s i v e   e x p e r i m e n t a t i o n ,   E l m e r   S .  

D a v i e s   and  F r a n k   D,  P e t e r s e n   d e v e l o p e d   a  s e r i e s   o f  

t i m e - t e m p e r a t u r e   r e l a t i o n s h i p s   and  a  g e n e r a l   t e c h n i q u e  

w h i c h   a p p e a r e d   p r o m i s i n g   in  t he   d e v e l o p m e n t   of  UHT  m i l k  

w h i c h   m a i n t a i n s   a l l   of  t h e   d e s i r a b l e   q u a l i t i e s   of  f r e s h  

m i l k .   T h i s   d e v e l o p m e n t   is   d i s c l o s e d   i n   U.  S.  P a t e n t  

No.  2 , 8 9 9 , 3 2 0   ( D a v i e s   e t   a l ) ,   i s s u e d   A u g u s t   1 1 ,  1 9 5 9 .  

As  i s   p o i n t e d   ou t   in  t h i s   b a s i c   p a t e n t ,   t o  b e   t r u e l y  

e f f e c t i v e   in   p r o d u c i n g  a   s t e r i l i z e d   m i l k   t h a t   r e t a i n s  

a l l   of  t h e   d e s i r a b l e   c h a r a c t e r i s t i c s   of   f r e s h   m i l k ,   a  

c o n s i d e r a b l e   number   of  i n d e p e n d e n t   r e a c t i o n s   m u s t   b e  

e i t h e r   a c c o m p l i s h e d   or  a v o i d e d   s i m u l t a n e o u s l y .  

S p e c i f i c a l l y ,   l i v i n g   o r g a n i s m s   m u s t   be  c o m p l e t e l y  
s t e r i l i z e d   and  e n z y m e s   i n a c t i v a t e d .   H o w e v e r   " b r o w n i n g "  

and  c o a g u l a t i o n   mus t   be  a v o i d e d .   " B r o w n i n g "   i s  d u e  t o  

t h e   h e a t   s e n s i t i v i t y   of  l a c t o s e   and  c a s e i n   as  p r e s e n t  

t o g e t h e r   in  m i l k .   S i m i l a r l y ,   c o a g u l a t i o n   i s   a  f u n c t i o n  

of  t e m p e r a t u r e   r e s u l t i n g   f rom  t he   c o m b i n a t i o n   o f  

c a s e i n ,   m i l k   s u g a r   and  whey  in   t h e   p r o t e i n   c o n t e n t   o f  



the   m i l k .   C o a g u l a t i o n   r e s u l t s   in  an  u n d e s i r a b l e  

i n c r e a s e   in  t h e   v i s c o s i t y   of  t he   m i l k   and  p r o d u c e s   a n  

" o f f "   f l a v o r   w h i c h   is   h i g h l y   o b j e c t i o n a b l e   and  e a s i l y  

d e t e c t a b l e   by  c o n s u m e r s .   F u r t h e r m o r e ,   t he   r e l e a s e   o f  

s u l f h y d r i l s   in  t h e   c o u r s e   of  t he   h e a t i n g   p r o c e s s  

p r o d u c e s   a  " c o o k e d "   f l a v o r   in  h e a t e d   m i l k .   S u l f h y d r i l s  

a r e   f o r m e d   by  t h e   b r e a k d o w n   of  the   whey  p o r t i o n   of  m i l k  

p r o t e i n s ,   p a r t i c u l a r l y   t h e   b e t a   l a c t o g l o b u l i n   upon  h e a t  

t r e a t m e n t   of  m i l k .  

In  t he   a b o v e - r e f e r e n c e d   D a v i e s   e t   al   p a t e n t ,   t h e  

f o l l o w i n g   t i m e - t e m p e r a t u r e   r e l a t i o n s h i p   was  e s t a b l i s h e d  

as  t he   most   e f f e c t i v e   in  a t t a i n i n g   f u l l   s t e r i l i z a t i o n  

of  m i l k   w i t h   minimum  e f f e c t   upon  i t s   d e s i r a b l e  

c h a r a c t e r i s t i c s :   h e a t i n g   to   a p p r o x i m a t e l y   300°F   f o r   1 . 5  

to  3 .0   s e c o n d s .   F u r t h e r   e x p e r i m e n t a t i o n   has   shown  t h i s  

r e l a t i o n s h i p   to  have   a  t e m p e r a t u r e   r a n g e   o f  

a p p r o x i m a t e l y   2 8 0 ° - 3 1 0 ° F   and  a  t ime   r a n g e   o f  

a p p r o x i m a t e l y   1 .5   to   9 .0   s e c o n d s .   W h i l e   t h i s   t i m e -  

t e m p e r a t u r e   r e l a t i o n s h i p   s t i l l   r e m a i n s   o p t i m u m ,   i t   h a s  

s i n c e   been   d i s c o v e r e d   t h a t   more  s u b t l e   f a c t o r s   a r e  

i n v o l v e d   in  m a i n t a i n i n g   t h e   f l a v o r   of  UHT  m i l k  

s u f f i c i e n t l y   c l o s e   to   t h a t   of  f r e s h   m i l k   t h a t   c o n s u m e r s  

c a n n o t   d e t e c t   t he   d i f f e r e n c e .   T h e s e   f a c t o r s   i n v o l v e  

t he   e x t e n t   of  p h y s i c a l   a g i t a t i o n   or  p e r t u r b a t i o n  

e x p e r i e n c e d   by  t h e   m i l k   d u r i n g   h e a t i n g ,   t he   u n i f o r m i t y  

of  h e a t i n g   and  t h e   e x t e n t   to   wh ich   t he   h e a t e d   m i l k  

c o n t a c t s   s u r f a c e s   h o t t e r   t h a n   i t s e l f   d u r i n g   o r  

s u b s e q u e n t   to   t h e   h e a t i n g   i n t e r v a l .   F u r t h e r m o r e ,  

p r o p e r   c o o l i n g   and  h a n d l i n g   of  t he   m i l k   p r i o r   to  a n d  

s u b s e q u e n t   to   h e a t i n g   have   a l s o   been   f o u n d   to   be  a 

f a c t o r   in  m a i n t a i n i n g   t a s t e   p e r f e c t i o n   in  UHT  m i l k .  

E x p e r i m e n t a l   s t u d i e s   c o n d u c t e d   by  E l m e r   S.  D a v i e s  

and  F r a n k   D.  P e t e r s e n   (See   D a v i e s   et   a l )   l ed   to  t h e  

c o n c l u s i o n   t h a t   t h e   r i s k   of  d e n a t u r a t i o n   of  m i l k  



p r o t e i n s   was  r e d u c e d   i f   s t e r i l i z a t i o n   was  c o n d u c t e d   a t  

h i g h e r   t e m p e r a t u r e s   t h a n   p r e v i o u s l y   u s e d ,   b u t   f o r  

s h o r t e r   t i m e   i n t e r v a l s .   The  c o n c e p t   of  h e a t i n g   m i l k   t o  

a  h i g h   t e m p e r a t u r e   f o r   a  s h o r t   t i m e   l e d   to   f u r t h e r  

s t u d i e s   to  d e t e r m i n e   how  such   h e a t i n g   c o u l d   be  m o s t  

a d v a n t a g e o u s l y   a c c o m p l i s h e d .   I t   was  e v e n t u a l l y  
d e t e r m i n e d   t h a t   a  f a l l i n g   f i l m   of  p r o d u c t   p r o v i d e d   t h e  

o p t i m u m   c o n f i g u r a t i o n   f o r   a t t a i n i n g   h i g h  

t e m p e r a t u r e / s h o r t - t i m e   h e a t i n g   in  v i ew   of  t h e   p h y s i c a l  
c h a r a c t e r i s t i c s   of   a  f i l m .   In  p a r t i c u l a r ,   a  f a l l i n g  

f i l m   i s   i d e a l l y   s u i t e d   to   r a p i d   h e a t i n g   of  a  p r o d u c t  
b e c a u s e   i t   i s   by  n a t u r e   a  t h i n   d i s t r i b u t i o n   of  t h e  

p r o d u c t   w i t h   a  h i g h   r a t i o   of  h e a t   t r a n s f e r   s u r f a c e   a r e a  

to   v o l u m e   and  o p t i m u m   h e a t   t r a n s f e r   c h a r a c t e r i s t i c s .  

U n f o r t u n a t e l y ,   t h e   s u c c e s s f u l   f o r m a t i o n   and  c o n t i n u o u s  

m a i n t e n a n c e   of  a  f a l l i n g   f i l m   p r o v e d   to   be  an  e x t r e m e l y  

d i f f i c u l t   t e c h n i c a l   p r o b l e m   w h i c h   D a v i e s   e t   a l   p a t e n t  

s e t s   f o r t h   in  t h e i r   p r o p o s e d   t e c h n i q u e   of  p r o v i d i n g   a  
f i l m   w h i c h   a d h e r e s   by  s u r f a c e   t e n s i o n   to   g u i d e   p l a t e s ,  

and  i s   h e a t e d   w h i l e   in  c o n t a c t   w i t h   t h e s e   g u i d e  

p l a t e s .   For   r e a s o n s   w h i c h   a r e   made  c l e a r   e l s e w h e r e   i n  

t h e   p r e s e n t   s p e c i f i c a t i o n ,   h e a t i n g   a  f a l l i n g  f i l m   w h i l e  

i t   i s   in   c o n t a c t   w i t h   a  g u i d e   p l a t e   of  t h i s   n a t u r e   i s  

n o t   s u i t a b l e   f rom  a  p r a c t i c a l   s t a n d p o i n t   b e c a u s e   f l a v o r  

d i s t o r t i o n   o c c u r s   and  t h e   p r o d u c t   b u r n s   o n t o   t h e   g u i d e  

p l a t e   a f t e r   a  s h o r t   p e r i o d   of  u s e .   N e v e r t h e l e s s   t h e  

d i s c o v e r y   t h a t   a  f a l l i n g   f i l m   of  p r o d u c t   i s   i d e a l l y  
s u i t e d   to   t h e   t i m e - t e m p e r a t u r e   r e l a t i o n s h i p   d e v e l o p e d  

in  t h e   D a v i e s   e t   a l   p a t e n t   r e m a i n s   an  i m p o r t a n t   a d v a n c e  

in  t h e   s t a t e   of  t h e   a r t   of  m i l k   s t e r i l i z a t i o n .  

Of  t h e   p r i o r   a r t   d e v i c e s ,   t he   mos t   a d v a n c e d   f o r  

p r o d u c i n g   UHT  m i l k   t h a t   m a i n t a i n s   t a s t e   q u a l i t i e s  
s i m i l a r   t o . t h a t   of  f r e s h   m i l k   is   d i s c l o s e d   in  U.  S .  

P a t e n t   No.  3 , 7 7 1 , 4 3 4   to   D a v i e s ,   i s s u e d   N o v e m b e r   1 3 ,  



1 9 7 3 .   The  p r e s e n t   i n v e n t i o n   is  an  i m p r o v e m e n t   and  a n  

o u t g r o w t h   of  t he   a p p a r a t u s   d i s c l o s e d   and  c l a i m e d   i n  

t h a t   p a t e n t .   The  a p p a r a t u s   d i s c l o s e d   in  D a v i e s   r e l i e s  

upon  a  f a l l i n g   f i l m   of  l i q u i d   m i l k   w h i c h   is  g u i d e d   b y  

c o n t a c t   w i t h   a  l e n g t h   of  s c r e e n ,   w h e r e i n   t he   f a l l i n g  

f i l m   is   s u b j e c t e d   to  h i g h   t e m p e r a t u r e   s t e a m   f o r   a  s h o r t  

i n t e r v a l   to  c a u s e   s t e r i l i z a t i o n .   A  number   of  i m p o r t a n t  

r e f i n e m e n t s   have   now  b e e n   d i s c o v e r e d   w h i c h  

s u b s t a n t i a l l y   i m p r o v e   i t s   p e r f o r m a n c e .   M o r e  

s p e c i f i c a l l y ,   e x p e r i m e n t a t i o n   w i t h   t he   s y s t e m   d i s c l o s e d  

in  D a v i e s   has   r e v e a l e d   t h a t   p r o d u c t   t a s t e ,   q u a l i t y   a n d  

l o n g - t e r m   c o n s i s t e n c y   c o u l d   be  s i g n i f i c a n t l y   i m p r o v i d e d  

w i t h   p r o p e r   m o d i f i c a t i o n   of  t he   d i s c l o s e d   s y s t e m .   I t  

s h o u l d   be  n o t e d   t h a t   t h e   d e v i c e   d i s c l o s e d   in  t he   D a v i e s  

p a t e n t   is  f a r   d i f f e r e n t   f rom  d e v i c e s   w h i c h   have  b e e n  

r e l i e d   upon  in  t h e   p a s t   f o r   e v a p o r a t i o n   of  l i q u i d s .   A 

d e v i c e   u sed   f o r   e v a p o r a t i o n   is   d i s c l o s e d ,   f o r   e x a m p l e ,  

in  t he   M o n s a n t o   p a t e n t ,   No.  4 4 1 , 1 0 6   i s s u e d   on  N o v e m b e r  

18,   1 0 8 9 .   In  t h a t   p a t e n t   a  l i q u i d   is   d i v i d e d   i n t o   f i n e  

d r o p l e t s   and  s u b j e c t e d   to  h e a t i n g   w h e r e b y   r a p i d  

e v a p o r a t i o n   of  t he   f a l l i n g   l i q u i d   d r o p l e t s   o c c u r s .  

N a t u r a l l y ,   t h e   use   of  s u c h   a  s y s t e m   would   be  d i s a s t r o u s  

in  t he   p r o d u c t i o n   o f  s t e r i l i z e d   l i q u i d   m i l k   b e c a u s e   t h e  

e v a p o r a t i o n   w h i c h   w o u l d   o c c u r ,   even   i f   i t   were   o n l y  

p a r t i a l ,   w o u l d   s i g n i f i c a n t l y   c h a n g e   t he   c o n s i s t e n c y   o f  

t he   m i l k ,   t h e r e b y   m a k i n g   i t   h i g h l y   u n d e s i r a b l e   t o  

c o n s u m e r s .  

A  need   t h e r e f o r e   e x i s t s   f o r   an  i m p r o v e d  

s t e r i l i z a t i o n   s y s t e m   f o r   f l u i d   or  l i q u i d   f o o d s   w h e r e i n  

c o m p l e t e   s t e r i l i z a t i o n   is   o b t a i n e d   w i t h o u t   a d v e r s e l y  

e f f e c t i n g   t h e   t a s t e   or   o t h e r   q u a l i t i e s   of  t h e   f o o d  

p r o d u c t .  

D i s c l o s u r e   of  I n v e n t i o n  

A c c o r d i n g l y ,   one  o b j e c t   of  t h i s   i n v e n t i o n   is   t o  



p r o v i d e   an  i m p r o v e d   p r o c e s s   and  a p p a r a t u s   f o r  

s t e r i l i z i n g   f o o d   p r o d u c t s   w i t h o u t   a d v e r s e l y   e f f e c t i n g  

t h e i r   t a s t e   or   o t h e r   p h y s i c a l   p r o p e r t i e s .  

A n o t h e r   o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n   i s   t h e  

p r o v i s i o n   of  a  n o v e l   m e t h o d   and  a p p a r a t u s   f o r   h e a t i n g  

f l u i d s   to   a  s e l e c t e d   t e m p e r a t u r e   f o r   a  s e l e c t e d  

i n t e r v a l   of  t i m e   w i t h   a  min imum  of  t u r b u l e n c e ,  

a g i t a t i o n   or   p h y s i c a l   s t r e s s .  

Yet   a n o t h e r   o b j e c t   of  t he   p r e s e n t   i n v e n t i o n   i s   t h e  

p r o v i s i o n   of  a  n o v e l   m e t h o d   and  a p p a r a t u s   f o r  

s t e r i l i z i n g   f l u i d   f o o d s ,   such   as  m i l k ,   w i t h   a  m i n i m u m  

of  t h e r m a l   and  p h y s i c a l   p e r t u r b a t i o n .  

A n o t h e r   o b j e c t   o f  t h e   p r e s e n t   i n v e n t i o n   i s   t h e  

p r o v i s i o n   of  a  n o v e l   m e t h o d   and  a p p a r a t u s   f o r  

s t e r i l i z i n g   m i l k   w h i c h   c a u s e s   t he   l e a s t   p o s s i b l e  

d e n a t u r a t i o n   of  whey  p r o t e i n s   and  c o m p a r a b l e   to   t h a t   o f  

p a s t e u r i z a t i o n .  

A  s t i l l   f u r t h e r   o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n   i s  

t he   p r o v i s i o n   of  a  n o v e l   m e t h o d   and  a p p a r a t u s   f o r  

s t e r i l i z i n g   f l u i d   f o o d s   w h e r e i n   an  i s o l a t e d   f i l m   of  t h e  

p r o d u c t   i s   f o r m e d   and  i s   s u b j e c t e d   to   h e a t   t r e a t m e n t   a t  

a  p a r t i c u l a r   t e m p e r a t u r e   f o r   a  s e l e c t e d   t i m e   i n t e r v a l ,  

d u r i n g   w h i c h   i n t e r v a l   i t   i s   s u b j e c t   to   an  a b s o l u t e  

m i n i m a l   of   p h y s i c a l   s t r e s s .  

B r i e f l y ,   t h e s e   and  o t h e r   o b j e c t s   of  t h e   i n v e n t i o n  

a r e   a t t a i n e d   by  t h e   p r o v i s i o n   of  a  u n i q u e   a p p a r a t u s   i n  

w h i c h   t h e   f l u i d   to   be  t r e a t e d   is   f i r s t   f o r m e d   i n t o   a  
c o n t i n u o u s   i s o l a t e d   f i l m   w h i c h   i s   k e p t   f r e e   f r o m  

c o n t a c t   w i t h   any  s u r f a c e   h o t t e r   t h a n   i t s e l f   f o r   a  

s e l e c t e d   i n t e r v a l   of  t i m e .   The  a p p a r a t u s   is   d e s i g n e d  

so  t h a t .  t h e   f i l m   r e m a i n s   i n t a c t   a s  a   c o n t i n u o u s   f i l m  

f o r   t he   e n t i r e   p e r i o d   d u r i n g   w h i c h   i t   i s   s u b j e c t e d   t o  

h e a t   t r e a t m e n t .   H e a t   t r e a t m e n t   i s   p r o v i d e d   b y  



s u b j e c t i n g   t h e   f i l m   to  a  h i g h   t e m p e r a t u r e   g a s ,   such   a s  

s t e a m ,   w h i c h   i s   s u p p l i e d   so  as  to   p r e v e n t   a n y  

t u r b u l e n c e   w h i c h   would   d i s t u r b   t h e   f l u i d   f i l m .   T h e  

f i l m   is   r a p i d l y   c o o l e d   s u b s e q u e n t   to  h e a t   t r e a t m e n t .  

D e t a i l s   of  t he   a p p a r a t u s   u t i l i z e d   in  t h i s   p r o c e s s   a r e  

a l s o   d i s c l o s e d ,   as  is   t he   c o n t r o l   s y s t e m   f o r   t h e  

o v e r a l l   p r o c e s s   and  a p p a r a t u s .  

B r i e f   D e s c r i p t i o n   of  t he   D r a w i n g s  

A  more  c o m p l e t e   a p p r e c i a t i o n   of  t h e   i n v e n t i o n   a n d  

many  of  t he   a t t e n d a n t   a d v a n t a g e s   t h e r e o f   w i l l   b e  

r e a d i l y   o b t a i n e d   as  t he   same  b e c o m e s   b e t t e r   u n d e r s t o o d  

by  r e f e r e n c e   to  the   f o l l o w i n g   d e t a i l e d   d e s c r i p t i o n   w h e n  

c o n s i d e r e d   in  c o n n e c t i o n   w i t h   t he   a c c o m p a n y i n g  

d r a w i n g s ,   w h e r e i n :  

FIGURE  1  is   a  s c h e m a t i c   i l l u s t r a t i o n   on  one  f o r m  

of  p r i o r   a r t   s t e r i l i z i n g   s y s t e m ,   f rom  D a v i e s   e t   a l  

P a t e n t   No.  2 , 8 9 9 , 3 2 0 ;  

FIGURE  2  is   a  c u t - a w a y   i l l u s t r a t i o n   of  a n o t h e r  

fo rm  of  p r i o r   a r t   s t e r i l i z i n g   s y s t e m   f rom  E v a n s   P a t e n t  

No.  3 , 0 3 2 , 4 2 3 ;  

FIGURE  3  is   a  c u t - a w a y   i l l u s t r a t i o n   s h o w i n g  

f u r t h e r   d e t a i l s   of  t he   p r i o r   a r t   a p p a r a t u s   shown  i n  

FIGURE  2 ;  

FIGURE  4  is   a  c u t - a w a y   i l l u s t r a t i o n   s h o w i n g   a n  
a l t e r n a t i v e   e m b o d i m e n t   of  t he   p r i o r   a r t   s y s t e m   shown  i n  

FIGURE  3 ;  

FIGURE  5  i s   a  p e r s p e c t i v e   i l l u s t r a t i o n   of  a  f i l m  

f o r m i n g   head   and  i s o l a t e d   f i l m   in  a c c o r d a n c e   w i t h   t h e  

p r e s e n t   i n v e n t i o n ;  

FIGURE  6  i s   a  c u t - a w a y   s i d e   v i ew   of  t h e   f i l m  

f o r m i n g   head   shown  in  FIGURE  5 ;  

FIGURE  7  is  a  p l a n   v iew  of  a  d i s t r i b u t i o n   p l a t e ;  



FIGURE  8  is   a  s i d e   v i ew  of  an  end  cap   s t r u c t u r e  

f o r   a  f i l m   f o r m i n g   h e a d ;  

FIGURE  9  i s   an  i l l u s t r a t i o n   of  an  end  f e e d   f i l m  

f o r m i n g   h e a d ;  

FIGURE  10  i s   a  p e r s p e c t i v e   i l l u s t r a t i o n   of  a  f l o w  

d i s t r i b u t i o n   t u b e   f o r   use   in  t h e   s t r u c t u r e   of   FIGURE 

1 1 ;  

FIGURE  11A  is   a  s i d e   v i ew   of  a  f i l m   f o r m i n g   h e a d ;  

FIGURE  11B  is   a  c u t - a w a y   end  v i e w   of  t h e   s t r u c t u r e  

shown  in  FIGURE  1 1 A ;  

FIGURE  12  is   a  p e r s p e c t i v e   i l l u s t r a t i o n   of  a  t w o -  

f i l m   b r a n c h i n g   n e t w o r k ;  

FIGURE  13  i s   a  p e r s p e c t i v e   i l l u s t r a t i o n   of  a  f o u r -  

f i l m   b r a n c h i n g   n e t w o r k ;  

FIGURE  14  i s   a  c u t   away  s i d e   v i e w   of  a  

s t e r i l i z a t i o n   c h a m b e r   o r  u l t r a   h i g h   t e m p e r a t u r e   (UHT) 

h e a t e r   in  a c c o r d a n c e   w i t h   t h e   t e a c h i n g s   of  t h e   p r e s e n t  

i n v e n t i o n ;  

FIGURE  15  i s   a  c u t   away  p a r t i a l l y   s c h e m a t i c   v i e w  

of  t h e   s t r u c t u r e   shown  i n  F I G U R E   16  i l l u s t r a t i n g   s t e a m  

f l o w   t h e r e i n ;  

FIGURE  16  i s   a  t o p   p l a n   v i ew   of  a  s t e a m  

d i s t r i b u t i o n   p l a t e ;  

FIGURE  17  i s   a  s c h e m a t i c   d i a g r a m   i l l u s t r a t i n g  

i n p u t   and  o u t p u t   c o u p l i n g s   to   t h e   s t e r i l i z a t i o n   c h a m b e r  

of  t h e   i n v e n t i o n ;   a n d  

FIGURE  18  i s   a  s c h e m a t i c   i l l u s t r a t i o n   i n  

p e r s p e c t i v e   of  a  l i q u i d   p r o c e s s i n g   s y s t e m   e m p l o y i n g   t h e  

s t e r i l i z a t i o n   c h a m b e r   of  t he   i n v e n t i o n .  

B e s t   Mode  f o r   C a r r y i n g   ou t   t he   I n v e n t i o n  

A l t h o u g h   t h e   p r e s e n t   i n v e n t i o n   i s   a p p l i c a b l e  t o   a n  



u n l i m i t e d   v a r i e t y   of  f l u e n t   or  l i q u i d   p r o d u c t s ,  

i n c l u d i n g   such   p r o d u c t s   as  b e e r ,   o r a n g e   j u i c e ,   s o u p  

c o n t a i n i n g   p a r t i c u l a t e   m a t t e r   such   as  mea t   a n d  

v e g e t a b l e s   and  o t h e r   n o n - f o o d   p r o d u c t s ,   many  of  t h e  

d e t a i l e d   a s p e c t s   of  t h e ' p r e f e r r e d   e m b o d i m e n t s   a r e  

d e s c r i b e d   as  u t i l i z e d   w i t h   m i l k ,   s i n c e   of  a l l   f o o d s  

m i l k   i s   p e r h a p s   t he   most   c o m p l e x   and  r e q u i r e s   t he   m o s t  

d e l i c a t e   and  p r e c i s e   h a n d l i n g   in  i t s   s t e r i l i z a t i o n   i f  

f l a v o r   d i s t o r t i o n   is  to  be  p r e v e n t e d .   A c c o r d i n g l y  

e m p h a s i s   is  p l a c e d   in  t h i s   s p e c i f i c a t i o n   on  t h e  

t r e a t m e n t   of  m i l k   w i t h   t he   u n d e r s t a n d i n g   t h a t   n u m e r o u s  

o t h e r   f o o d s   can  be  t r e a t e d   in  s u b s t a n t i a l l y   t h e   s a m e  

m a n n e r   b u t   w i t h   must   l e s s   c o m p l e x i t y .  

A t t e n t i o n   is   f i r s t   d i r e c t e d   to   TABLE  1  w h i c h   d e a l s  

w i t h   t h e   s t e r i l i z a t i o n   of  m i l k .   In  t h i s   TABLE  a  n u m b e r  

of  t h e r m a l   and  p h y s i c a l   e f f e c t s   a r e   d e s c r i b e d   in  t h e  

l e f t - h a n d   c o l u m n   w h i l e   t he   r e s u l t a n t   d i s t o r t i o n s   t o  

f l a v o r   or   o t h e r   p h y s i c a l  p r o p e r t i e s   of  t h e   m i l k   a r e   s e t  

f o r t h   in  t he   r i g h t - h a n d   c o l u m n .   TABLE  1  p o i n t s   o u t   t h e  

u n i q u e   s e n s i t i v i t y   of  m i l k   to  h e a t   t r e a t m e n t ,   a n d  

p a r t i c u l a r l y   e m p h a s i z e s   t he   f a c t   t h a t   m i l k   i s  

e s p e c i a l l y   s e n s i t i v e   to  h e a t   t r e a t m e n t   ( t h e r m a l  

p e r t u r b a t i o n )   and  to  p h y s i c a l   p e r t u r b a t i o n s   ( i . e . ,  

e x c e s s i v e   a g i t a t i o n )   d u r i n g   h e a t i n g .   A  t e c h n i q u e   f o r  

e l i m i n a t i n g   t he   u n d e s i r a b l e   e f f e c t s   of  t h e r m a l  

p e r t u r b a t i o n s   in  m i l k   s t e r i l i z a t i o n   is   s e t   f o r t h   in  t h e  

a b o v e - r e f e r e n c e d   D a v i e s   e t   a l  p a t e n t   no.   2 , 8 9 9 , 3 2 0 .  





In  t h a t   p a t e n t   i t   is   r e v e a l e d   t h a t   a  p r o p e r   t i m e -  

t e m p e r a t u r e   r e l a t i o n s h i p   is   one  of  the   k e y s   to   r e m o v i n g  

t he   u n d e s i r a b l e   e f f e c t s   of  t h e r m a l   p e r t u r b a t i o n .   I n  

p a r t i c u l a r ,   i f   m i l k   is  h e a t e d   to  a  maximum  t e m p e r a t u r e  

of  300°F   f o r   a  p e r i o d   of  b e t w e e n   1 .5   and  3 .0   s e c o n d s ,  

the   a p p r o p r i a t e   h e a t   t r e a t m e n t   f o r   s t e r i l i z a t i o n   i s  

a t t a i n e d   w i t h o u t   t h e r m a l   t a s t e   d i s t o r t i o n .   H o w e v e r ,  
e x t e n s i v e   r e s e a r c h   b a s e d   upon  the   i n v e n t i o n   d i s c l o s e d  

in  t he   D a v i e s   e t   a l   p a t e n t   has   r e v e a l e d   t h a t   a d h e r e n c e  

to  t h e   t e a c h i n g s   of  t h a t   p a t e n t   a l o n e   a r e   n o t  

s u f f i c i e n t   to  p r o d u c e   m i l k   wh ich   i s   f r e e   of  f l a v o r  

d i s t o r t i o n .   I t   has   been   d i s c o v e r e d   t h a t   m i l k   i s  

e x t r e m e l y   s e n s i t i v e   to  p h y s i c a l   p e r t u r b a t i o n s   w h i l e  

s u b j e c t   to  t h e r m a l   s t r e s s .   In  o t h e r   w o r d s ,   a n y  
s u b s t a n t i a l   t u r b u l e n c e ,   a g i t a t i o n   or  p h y s i c a l   s t r e s s  

e x p e r i e n c e d   by  the   m i l k   w h i l e   i t   i s   a t   t h e   h i g h  

t e m p e r a t u r e   r e q u i r e d   f o r   s t e r i l i z a t i o n   c a u s e s   a n  

u n m i s t a k a b l e   c h a n g e   in  t h e   f l a v o r   of  t he   m i l k .  

S p e c i f i c a l l y ,   t he   m i l k   may  d e v e l o p   a  c h a l k y   b o d y  

u s u a l l y   p e r c e i v e d   as  an  u n n a t u r a l   mouth   f e e l ,   or  a  

s a n d y   t a s t e   or  f l a v o r .   S i m i l a r l y ,   a  s c o r c h e d   or  b u r n e d  

f l a v o r   may  d e v e l o p   i f   t he   m i l k   e n g a g e s   a  s u r f a c e   w h i c h  

is   h o t t e r   t h a n   t h a t   of  t he   m i l k   i t s e l f   e v e n   t h o u g h  

c o n t a c t   may  o c c u r   o v e r   a  s m a l l   s u r f a c e   and  f o r   a  s h o r t  

t i m e ,   s u c h   as  o v e r   p l a t e s   and  s c r e e n s .   A c c o r d i n g l y ,   a 

p r o b l e m   t h o u g h t   by  many  to  be  i n s u r m o u n t a b l e   w a s  

p r e s e n t e d   to  t he   p r e s e n t   i n v e n t o r s :   how  to  h e a t   m i l k   t o  

a  t e m p e r a t u r e   of  a p p r o x i m a t e l y   300°  f o r   a  p e r i o d   o f  

o n l y   one  s e c o n d   and  t h e n   r a p i d l y   r e d u c e   t he   t e m p e r a t u r e  
b e l o w   165°  w h i l e   p r e v e n t i n g   t he   m i l k   f rom  e x p e r i e n c i n g  

any  s u b s t a n t i a l   t u r b u l e n c e ,   a g i t a t i o n   or  p h y s i c a l  

s t r e s s   and  p r e v e n t i n g   t he   m i l k   f rom  e n g a g i n g   a  s u r f a c e  

h a v i n g  a   h i g h e r   t e m p e r a t u r e   t h a n   the   m i l k   i t s e l f .  

F u r t h e r m o r e ,   t he   s o l u t i o n ,   to  have   any  c o m m e r c i a l  

m e r i t ,   r e q u i r e d   a  s y s t e m   w h i c h   was  r e l a t i v e l y   s i m p l e   t o  



c o n s t r u c t ,   i n e x p e n s i v e   to   p r o d u c e ,   and  s e l f - c l e a n i n g   t o  

t h e   maximum  e x t e n t   p o s s i b l e   so  t h a t   i t   c o u l d   e a s i l y   b e  

m a i n t a i n e d   in   s t e r i l e   c o n d i t i o n   f o r   l o n g   p r o d u c t i o n  

r u n s .   A  s u c c e s s f u l   d e v i c e   c a p a b l e   of  c o m m e r c i a l  

e x p l o i t a t i o n ,   mus t   s o l v e   a l l   of   t h e s e   p r o b l e m s   a n d  

m a i n t a i n   a  f u l l y   u n i f o r m   or   c o n s i s t e n t   o u t p u t   p r o d u c t .  

A l t h o u g h   the   p r e v i o u s l y   m e n t i o n e d   p a t e n t   to  D a v i e s  

( 3 , 7 7 1 , 4 3 4 )   p r o v i d e d   t h e   c l o s e s t   a p p r o a c h   to  t h e  

s o l u t i o n   of  t h i s   p r o b l e m   known  a t   t he   t i m e   t h a t  

a p p l i c a t i o n   was  f i l e d   ( 1 9 7 2 ) ,   e x t e n s i v e   r e s e a r c h  

c o n d u c t e d   by  t he   A p p l i c a n t s   has   now  r e v e a l e d   a  s e r i e s  

of   i m p o r t a n t   i m p r o v e m e n t s   w h i c h   y i e l d   t h e   d e s i r e d  

r e s u l t ,   t h a t   i s ,   a  t r u l y   s t e r i l i z e d   m i l k   w h i c h   c a n n o t  

be  d i s t i n g u i s h e d   by  t h e   c o n s u m e r   f rom  c o n v e n t i o n a l  

f r e s h   m i l k .   A s  p o i n t e d   o u t   p r e v i o u s l y ,   i t   s h o u l d   b e  

n o t e d   t h a t   t h e   p r e s e n t   a p p l i c a t i o n   i s   c o u c h e d   in  t e r m s  

of  p r o c e s s i n g   m i l k   b e c a u s e   of  t h e   u n i q u e   s e n s i t i v i t y   o f  

m i l k   to   h e a t   t r e a t m e n t .   S u b s t a n t i a l l y   a l l   o t h e r   k n o w n  

l i q u i d   p r o d u c t s ,   i n c l u d i n g   f o o d s   and  o t h e r   t y p e s   o f  

l i q u i d   p r o d u c t s ,   can   a l s o   be  p r o c e s s e d   a c c o r d i n g   to   t h e  

same  t e c h n i q u e ,   s i n c e   mos t   o t h e r   p r o d u c t s   do  no t   h a v e  

t h e   e x t r e m e   s e n s i t i v i t y   e x h i b i t e d   by  m i l k   to  p h y s i c a l  

s t r e s s   d u r i n g   h e a t i n g .  

In  v i ew  of  t h e   s i g n i f i c a n t   s e n s i t i v i t y   of  m i l k   t o  

p h y s i c a l   s t r e s s   d u r i n g   h e a t i n g ,   a  s i g n i f i c a n t   a s p e c t   o f  

t h e   p r e s e n t   i n v e n t i o n   i s   t h e   p r o v i s i o n   of   a  u n i q u e  

m e t h o d   and  a p p a r a t u s   f o r   p h y s i c a l l y   h a n d l i n g   the   m i l k  

d u r i n g   t h e   p r o c e s s   o f  h e a t i n g   i t .   T h i s   t e c h n i q u e   h a s  

b e e n   a r r i v e d   a t   a f t e r   s u b s t a n t i a l   r e s e a r c h   and  p e r m i t s  

t h e   m i l k   to   be  h e a t e d   w i t h   t h e   l e a s t   a m o u n t   of  p h y s i c a l  

s t r e s s ,   t u r b u l e n c e   or   a g i t a t i o n .   I t   f u r t h e r   p e r m i t s   t h e  

m i l k   t o . b e   h e a t e d   w i t h o u t   c o m i n g   i n t o   c o n t a c t   w i t h   a n y  
s u r f a c e   h o t t e r   t h a n   t he   m i l k   i t s e l f .   T h e s e   two  f a c t o r s  

a r e   s i g n i f i c a n t ,   b u t   may  be  s u b j e c t   to   m i s i n t e r p r e t a -  



t i o n   in  v iew  of  what   has   b e e n   done   in  the   p r i o r   a r t .  

A c c o r d i n g l y   a  b r i e f   summary   of  e x e m p l a r y   p r i o r   a r t   i n  

t h i s   a r e a   is   c o n s i d e r e d   to   be  n e c e s s a r y   to   f u l l y  

u n d e r s t a n d   t h e   u n i q u e   d e v e l o p m e n t s   of  t he   p r e s e n t  

i n v e n t i o n .  

As  p r e v i o u s l y   e x p l a i n e d ,   a  f a l l i n g   " f i l m "   of  m i l k  

is  i d e a l l y   s u i t e d   to  t he   h i g h   t e m p e r a t u r e / s h o r t  

i n t e r v a l   h e a t i n g   p r o c e s s   r e q u i r e d   to  p r o d u c e   s t e r i l i z e d  

m i l k   of  good  f l a v o r   q u a l i t y .   E x a m p l e s   of  f a l l i n g   f i l m s  

a r e   d i s c l o s e d   in  t he   D a v i e s   e t   al  P a t e n t   No.  2 , 8 9 9 , 3 2 0  

( s e e   FIGURE  1)  and  t he   E v a n s   P a t e n t   No.  3 , 0 3 2 , 4 2 3   ( s e e  

FIGURES  2,  3  and  4 ) .   W h i l e   e a c h   of  t h e s e   p a t e n t s  
d i s c l o s e s   a  f a l l i n g   f i l m   of  m i l k   in  a  h e a t i n g   v e s s e l ,  

t h e   f a l l i n g   f i l m   is  no t   i s o l a t e d   in  s p a c e ,   b u t   is  h e l d  

by  s u r f a c e   t e n s i o n   to   v e r t i c a l l y   d i s p o s e d   p l a t e s  

( d e s i g n a t e d   5  in  D a v i e s   e t   a l   and  35  in  E v a n s )   f o r  

g u i d i n g   t he   m i l k   t h r o u g h   a  h e a t i n g   c h a m b e r .   I t   w a s  

o r i g i n a l l y   t h o u g h t   t h a t   t he   use   of  such   p l a t e s   w o u l d  

l e a d   to  u n i f o r m i t y   in  h e a t i n g   the   m i l k   s i n c e   t he   p l a t e s  

wou ld   be  m a i n t a i n e d   a t   a  r e l a t i v e l y   h i g h   and  c o n s t a n t  

t e m p e r a t u r e   by  s t e a m   or  some  o t h e r   h e a t e d   m e d i u m  

c i r c u l a t i n g   w i t h i n   t h e   h e a t i n g   v e s s e l .   H o w e v e r ,   i t   h a s  

been   d i s c o v e r e d   t h a t   t he   e x p o s u r e   to  such  g u i d e   p l a t e s  

a t   h i g h   t e m p e r a t u r e   c a u s e s   p r o d u c t   b u r n - o n   a n d  

a d v e r s e l y   e f f e c t s   t h e   t a s t e   of  t he   r e s u l t i n g   m i l k  

p r o d u c t .   In  p a r t i c u l a r ,   t h e   t a s t e   of  t he   m i l k   i s  

a d v e r s e l y   e f f e c t e d   by  e x p o s u r e   to  a  m e t a l   s u r f a c e  

d u r i n g   h e a t i n g   and  a l s o   by  e x p o s u r e   to  a  s u r f a c e   w h i c h  

is  h o t t e r   t h a n   the   m i l k   i t s e l f .   I n  - t h e   c a s e   of  t h e  

v e r t i c a l   g u i d e   p l a t e s   m e n t i o n e d ,   i t   was  no t   r e a l i z e d  

( s ee   D a v i e s   e t   a l ,   C o l .   6,  l i n e s   4 0 - 4 5 )   t h a t   t h e s e  

s u r f a c e s   become  h o t t e r   t h a n   t he   m i l k   b e i n g   fed   i n t o   t h e  

a p p a r a t u s .   S p e c i f i c a l l y ,   i t   has   been   e x p e r i m e n t a l l y  

d i s c o v e r e d   t h a t   g u i d e   p l a t e s   of  the   t y p e   used   in  D a v i e s  



e t   a l   and  E v a n s   ( s e e   FIGURE  3)  o v e r h e a t   a t   c e r t a i n  

s p o t s   even   when  c o v e r e d   w i t h   t h e   f l o w i n g   p r o d u c t .  

R e s u l t a n t   " h o t   s p o t s "   c a u s e   t h e   f l o w i n g   p r o d u c t   to   b u r n  

o n t o   t h e   p l a t e   or   s c r e e n .   once   " b u r n - o n "   s t a r t s   i t  

r a p i d l y   g e t s   w o r s e   and  c a u s e s   u n d e s i r a b l e   b u i l d u p s   o f  

b u r n e d   p r o d u c t   to   grow  q u i c k l y ,   c a u s i n g   f l a v o r  

d i s t o r t i o n   and  d i s r u p t i o n   of  t h e   p r o d u c t   f l o w   w h i c h  

soon   d e s t r o y s   u n i f o r m i t y   of  t he   f a l l i n g   f i l m   o f  

p r o d u c t .   "Hot   s p o t s "   commonly   o c c u r   a t   e d g e s ,   w e l d  

s p o t s ,   e t c . ,   and  i t   i s   v i r t u a l l y   i m p o s s i b l e   t o  

c o m p l e t e l y   e l i m i n a t e   t h e m .  

The  same  e f f e c t   is   i l l u s t r a t e d  i n   FIGURE  4.  I n  

t h i s   c a s e   a  s c r e e n   39  i s   u sed   to   fo rm  t h e   f i l m ,   b u t  

" h o t   s p o t s "   and  b u r n - o n   c o n t i n u e   to   o c c u r .   A  s i m i l a r  

a r r a n g e m e n t   u s i n g   a  s c r e e n   is   i l l u s t r a t e d   in  D a v i e s  

P a t e n t   No.  3 , 7 7 1 , 4 3 4 ,   p r e v i o u s l y   m e n t i o n e d ,   and  a  

s i m i l a r   e f f e c t   o c c u r s   t h e r e .   In  a d d i t i o n ,   t h e   p r o b l e m  

of  m a i n t a i n i n g   t h e   s c r e e n   s a n i t a r y   i s   a  s i g n i f i c a n t  

o n e .   As  t h e   s c r e e n   has   many  s m a l l   o p e n i n g s   in  i t s  

mesh ,   f i n e   p a r t i c l e s   of  m a t e r i a l   i n v a r i a b l y   c o l l e c t   o n  

t h e   s c r e e n   s u r f a c e .   T h e s e   m a t e r i a l s   a r e   e x t r e m e l y  

d i f f i c u l t   t o  d i s l o d g e   d u r i n g   any  c l e a n i n g   p e r i o d ,   a n d  

a c c o r d i n g l y   i t   i s   d i f f i c u l t   to   m a i n t a i n   t h e   e q u i p m e n t  

in  a  s t e r i l e   and  f u l l y   s a n i t a r y   c o n d i t i o n   a f t e r   a  s h o r t  

p e r i o d   of  o p e r a t i o n .   F u r t h e r m o r e ,   c l o g g i n g   of  t h e  

s c r e e n   d e s t r o y s   t h e   f a l l i n g   f i l m   and  c a u s e s   t h e   d e v i c e  

to  s t o p   o p e r a t i n g   e f f e c t i v e l y   a f t e r   a  s h o r t   t i m e .  

A c c o r d i n g l y   t h e   p r e s e n c e   of  a  s c r e e n   in   such   a n  

a p p a r a t u s   can   c a u s e   t h r e e   s e p a r a t e   p r o b l e m s ,   t a s t e  

d i s t o r t i o n ,   a c c u m u l a t i o n   of  p a r t i c l e s   l e a d i n g   to   t h e  

l a c k   of  a  s t e r i l e   e n v i r o n m e n t ,   and  b r e a k i n g   a n d  

d i s t o r t i o n s   of  t h e   f a l l i n g   f i l m .  

In  c o n t r a s t   to   t h e   p r i o r   a r t  a p p a r a t u s e s   d e s c r i b e d  

a b o v e ,   t h e   p r e s e n t   a p p a r a t u s ,   i l l u s t r a t e d   in  FIGURE  5 ,  



i n c l u d e s   a  s u p p l y   p i p e   52  f e e d i n g   a  f i l m   f o r m i n g   h e a d  

54  c o m p r i s e d   of  a  c y l i n d r i c a l   l e n g t h   of  p i p e   w i t h   a 

s l i t   56  a l o n g   a  l o w e r   s u r f a c e   t h e r e o f .   The  p u r p o s e   o f  

the   f i l m   f o r m i n g   head   i s   to  fo rm  a  t h i n ,   c o n t i n u o u s  

i s o l a t e d   f i l m ,   d e s i g n a t e d   58  in  t he   d r a w i n g s .   S i n c e  

t he   f o r m a t i o n   of  t he   f i l m   is   of  c o n s i d e r a b l e   i m p o r t a n c e  

to  the   o p e r a t i o n   of  t he   p r e s e n t   i n v e n t i o n ,   f u r t h e r  

d e t a i l s   of  t he   n a t u r e   and  f o r m a t i o n   of  t he   f i l m   w i l l   b e  

p r e s e n t e d .  

I t   is   f i r s t   p o i n t e d   ou t   t h a t   t h e   i s o l a t e d   f i l m   o f  

the   p r e s e n t   i n v e n t i o n   is   a  c o n t i n u o u s   f i l m .   By 
c o n t i n u o u s   is   m e a n t   t h a t   t he   f i l m   is   n e v e r   b r o k e n   i n t o  

d r o p l e t s ,   nor   is  any  p o r t i o n   e v e r   d i s c o n n e c t e d   f rom  t h e  

c e n t r a l   body  of  t he   f i l m   in  t h e   c o u r s e   of  i t s   f a l l   a n d  

h e a t i n g   in  t he   s t e r i l i z i n g   a p p a r a t u s   of  t he   p r e s e n t  

i n v e n t i o n .   T h i s   i s   in  d i r e c t   c o n t r a s t   to  c e r t a i n  

d e v i c e s   d i s c l o s e d   in  t he   p r i o r   a r t   w h i c h   have   been   u s e d  

p a r t i c u l a r l y   f o r   t h e   p u r p o s e   of  d r y i n g   or  e v a p o r a t i n g  

l i q u i d s .   For  e x a m p l e ,   a t t e n t i o n   is  d i r e c t e d   to  t h e  

M o n s a n t o   p a t e n t   ( 4 4 1 , 1 0 6   i s s u e d   N o v e m b e r   18,  1890)   a n d  

the   Okada   p a t e n t   ( 3 , 6 2 1 , 9 0 2   i s s u e d   November   2 3 ,  

1 9 7 1 ) .   In  t h e s e   p a t e n t s   the   l i q u i d   m a t e r i a l   to  b e  

p r o c e s s e d   is   s p r a y e d   or  d r o p p e d   f rom  an  a p p r o p r i a t e  

d i s t r i b u t i o n   m a n i f o l d   i n t o   a  h e a t e d   a t m o s p h e r e .  

H o w e v e r ,   t he   p u r p o s e   of  t h e   s p r a y i n g   or  d r o p p i n g   is   t o  

c r e a t e   f i n e l y   d i v i d e d   p a r t i c l e s   or  d r o p l e t s   of  t h e  

m a t e r i a l   w h i c h   p r o v i d e   a  l a r g e   s u r f a c e   a r e a   to   p e r m i t  

r a p i d   e v a p o r a t i o n   of  w a t e r   w i t h i n   t h e   m a t e r i a l   b e i n g  

p r o c e s s e d   to  s p e e d   e v a p o r a t i o n .   E v a p o r a t i o n   of  t h i s  

s o r t   w o u l d ,   of  c o u r s e ,   t o t a l l y   d e s t r o y   the   n a t u r a l  

q u a l i t y   of  m i l k   s o u g h t   f o r   in  a c c o r d a n c e   w i t h   t h e  

t e a c h i n g s   of  the   p r e s e n t   i n v e n t i o n .   In  c o n t r a s t ,   t h e  

p r e s e n t   i n v e n t i o n   d e a l s   e x c l u s i v e l y   w i t h   a  f a l l i n g  

c o n t i n u o u s   f i l m   of  m i l k   f rom  w h i c h   e v e r y   p a r t i c l e   i s  



c o n n e c t e d   to   e v e r y   o t h e r   and  no  i s o l a t e d   d r o p l e t s   a r e  

f o r m e d .  

The  f i l m   58  i s   a l s o   i s o l a t e d   b e c a u s e ,   once   i t  

l e a v e s   t h e   s l i t   56,   i t   n e v e r   e n g a g e s   a n y t h i n g   u n t i l   i t  

r e a c h e s   t h e   b o t t o m   of  t h e  s t e r i l i z i n g   c h a m b e r   ( t o   b e  

d e s c r i b e d   s u b s e q u e n t l y ) .   B e c a u s e  i t   is   t h u s   i s o l a t e d  

f rom  a l l   c o m p o n e n t s   w i t h i n  t h e   s t e r i l i z i n g   c h a m b e r ,   t h e  

f i l m   is   n o t   c o n t a m i n a t e d   by  e n g a g i n g   any  s u r f a c e   h o t t e r  

t h a n   i t s e l f   in  c o n t r a s t   to   t y p i c a l   p r i o r   a r t   d e v i c e s  

shown  in  FIGURES  1 - 4 .  

B e c a u s e   of  t h e   i m p o r t a n t   f u n c t i o n   t h a t   t h e   t h i n  

c o n t i n u o u s   i s o l a t e d   f i l m   has   in  t he   c o n t e x t   of  t h e  

p r e s e n t   i n v e n t i o n ;   a  c o n s i d e r a b l e   a m o u n t   of  a t t e n t i o n  

has   been   d i r e c t e d   by  t he   I n v e n t o r s   to  t h e   p r o p e r  

f o r m i n g   of  t h i s   f i l m   and  to   f o r m i n g   t h e  f i l m   in  s u c h   a  

way  t h a t   t h e   f i l m   c o n t i n u e s   to  be  f o r m e d   w i t h o u t  

i n t e r r u p t i o n   d u r i n g   l e n g t h y   p r o c e s s i n g   r u n s   in   t h e  

a p p a r a t u s   of  t he   i n v e n t i o n .   I t   has   been   o b s e r v e d  

e x p e r i m e n t a l l y   t h a t   t h e   c o n f i g u r a t i o n   and  a p p e a r a n c e   o f  

a  f r e e - f a l l i n g   f i l m   or   c o l u m n   of  l i q u i d  c h a n g e s  

c o n s i d e r a b l y   d e p e n d i n g   upon  the   i n i t i a l   v e l o c i t y   of  t h e  

l i q u i d   p r i o r   to   f r e e   f a l l .   I f   t h e   v e l o c i t y   i s   t o o  

h i g h ,   d r o p l e t s   of  l i q u i d   f o r m ,   some  s p r a y i n g   o r  

s p a s h i n g   o c c u r s   and  t h e   s u r f a c e   of  t h e   f a l l i n g   body   o f  

l i q u i d   i s   n o t   s m o o t h .   I f   t h e  v e l o c i t y   or   f l o w   r a t e   o f  

t h e   l i q u i d   i s   w i t h i n   a  s p e c i f i e d   r a n g e ,   h o w e v e r ,   t h e  

f a l l i n g   body   of   l i q u i d   f o r m s   a  c o n t i n u o u s   u n b r o k e n  

s u r f a c e   in  f r e e   f a l l   w i t h   a  m i r r o r - l i k e   s u r f a c e   and  n o  

s p l a s h i n g   or   s p r a y i n g   of  p a r t i c l e s   r e s u l t s ,   e v e n   w h e n  

t he   f a l l i n g   body  of  l i q u i d   i m p i n g e s   o n  a   r i g i d  

s u r f a c e .   I f   t h e   v e l o c i t y   or  f l o w   r a t e   is   t o o   l ow,   t h e n  

t he   c o n t i n u o u s   body  of  f a l l i n g   l i q u i d   b r e a k s   i n t o  

d r o p l e t s   s i n c e   t h e   a m o u n t   of  l i q u i d   in  f r e e   f a l l   i s   n o t  

s u f f i c i e n t   to  m a i n t a i n   t he   c o n t i n u o u s   s u r f a c e   of  t h e  



f i l m   or  c o l u m n .   A g a i n   s p r a y i n g   and  s p l a s h i n g   of  l i q u i d  

p a r t i c l e s   o c c u r s .  

E x p e r i m e n t a l   m e a s u r e m e n t s   on  f r e e - f a l l i n g   l i q u i d  

b o d i e s   p a s s i n g   t h r o u g h   a  s l i t   i n d i c a t e   t h a t   l i q u i d s  

mus t   h a v e   an  a v e r a g e   i n i t i a l   f l ow  v e l o c i t y   f a l l i n g  

w i t h i n   a  p r e s c r i b e d   r a n g e   to   form  a  c o n t i n u o u s   f r e e  

f a l l i n g   b o d y .   In  the   c a s e   of  w a t e r ,   f o r   e x a m p l e ,   t h e  

f o l l o w i n g   m e a s u r e m e n t s   a p p l y :  

For   an  i n i t i a l   v e l o c i t y   of  l e s s   t h a n   a p p r o x i m a t e l y  

1 .5   f e e t   p e r   s e c o n d ,   t he   f a l l i n g   f i l m   or  co lumn  b r e a k s  

up  and  t he   f l o w   is  no t   s u f f i c i e n t   to  m a i n t a i n   t h e  

f a l l i n g   l i q u i d   in  a  c o n t i n u o u s   s t a t e .   For   i n i t i a l  

v e l o c i t i e s   b e t w e e n   1 .5   and  3 .5   f t .   p e r   s e c o n d ,   t h e  

f a l l i n g   body  m a i n t a i n s   a  s m o o t h   and  p e r f e c t l y  

c o n t i n u o u s   s u r f a c e .   For  i n i t i a l   v e l o c i t i e s   a b o v e   3 . 5  

f t .   p e r   s e c o n d ,   some  s p l a s h i n g   o c c u r s   and  the   s u r f a c e  

of  t h e   f a l l i n g   body  of  l i q u i d   is   no  l o n g e r   smoo th   a n d  

c o n t i n u o u s .  

T h i s   e x p e r i m e n t a l   d a t a   i n d i c a t e s   t h a t   t h e  

e x i s t e n c e   of  a  r e l a t i o n s h i p   b e t w e e n   the   s u r f a c e   t e n s i o n  

f o r c e s   a c t i n g   on  t he   p a r t i c l e s   of  f a l l i n g   l i q u i d ,   t h e  

f o r c e s   of  m o t i o n   c r e a t e d   by  the   i n i t i a l   v e l o c i t y   of  t h e  

l i q u i d   p r i o r   to  i t s   e n t e r i n g   a  s t a t e   of  f r e e   f a l l ,   a n d  

the   g r a v i t a t i o n a l   f o r c e s   a c t i n g   on  t he   l i q u i d   d u r i n g  

f r e e   f a l l .   For  w a t e r   w i t h   an  i n i t i a l   v e l o c i t y   b e t w e e n  

1 .5   and  3 .5   f t .   p e r   s e c o n d ,   an  e q u i l i b r i u m   c o n d i t i o n   i s  

r e a c h e d   among  t h e s e   v a r i o u s   f o r c e s   r e s u l t i n g   in  t h e  

f o r m a t i o n   of  a  c o n t i n u o u s   l a m i n a r   f i l m   or  co lumn   o f  

f r e e   f a l l i n g   l i q u i d .   T h i s   e q u i l i b r i u m   may  be  d e s t r o y e d  

if   one  or  more  of  the   v a r i a b l e   f o r c e s   is  s i g n i f i c a n t l y  

c h a n g e d .   For   e x a m p l e ,   a  l i q u i d   w i t h   a  v i s c o s i t y  

d i f f e r e n t   f rom  t h a t   of  w a t e r   has  a  d i f f e r e n t   r a n g e   o f  

i n i t i a l   v e l o c i t i e s   i f   a  c o n t i n u o u s   f r e e   f a l l i n g   body  o f  

l i q u i d   i s   to  be  f o r m e d .   H o w e v e r ,   a l l   l i q u i d s ,   n o  



m a t t e r   w h a t   t h e i r   v i s c o s i t y ,   can  be  made  to   form  a  
c o n t i n u o u s   body   in  f r e e   f a l l   s i m p l y   by  m e a s u r i n g   t h e  

a p p r o p r i a t e   p a r a m e t e r s   o f  t h e   l i q u i d   and  a p p r o p r i a t e l y  

c o n t r o l l i n g   t h e   f o r c e s  a c t i n g   on  t h e   l i q u i d .  

In  t h e   c a s e   of  t h e   p r e s e n t   i n v e n t i o n ,  w h e r e   t h e  

l i q u i d   f a l l s   i n t o   a  s t e a m  h e a t e d   p r e s s u r e   v e s s e l ,   t h e  

e f f e c t   of   s t e a m   f l o w   o n  t h e   f a l l i n g   l i q u i d   mus t   a l s o   b e  

c o n s i d e r e d .   I f   t he   v e l o c i t y   of  t h e   s t e a m   a c t i n g   on  t h e  

l i q u i d   i s   s u f f i c i e n t l y   h i g h ,   t h e   f a l l i n g   body  of  w a t e r  

w i l l   be  b r o k e n  u p   and  t h e   f o r m a t i o n  o f   a  c o n t i n u o u s  

f a l l i n g   body   w i l l   b e c o m e  i m p o s s i b l e .   S i m i l a r l y ,   i f   t h e  

f a l l i n g   body   of  l i q u i d   i s  e x c e p t i o n a l l y   t h i n   a n d  

f r a g i l e ,   t h e n   even   s m a l l   s t e a m   c u r r e n t s   w i l l   c a u s e   i t  

t o   b r e a k   up  r e s u l t i n g   i n  s p r a y i n g   and  s p l a s h i n g   of  t h e  

f a l l i n g   l i q u i d .  

B a s e d   on  t h e s e   c o n s i d e r a t i o n s ,   t h e   f o l l o w i n g  
m e t h o d   f o r   d e s i g n i n g   a  f r e e   f a l l i n g   f i l m  o f   l i q u i d  

p a s s i n g   t h r o u g h  a   s l i t   has   b e e n   d e v e l o p e d   in   a c c o r d a n c e  

w i t h   t h e   c o n c e p t s   of  t he   p r e s e n t   i n v e n t i o n :  

1.  The  l i q u i d   is   f i r s t  s t u d i e d   to   d e t e r m i n e  t h e  

o p t i m u m   i n i t i a l  v e l o c i t y   a t   w h i c h   a  c o n t i n u o u s   body  o f  

t h e   l i q u i d   w i l l   be  f o r m e d   and  m a i n t a i n e d   when  t h e  

l i q u i d   i s   in   f r e e   f a l l .  

2.  The  d e s i r e d   f l o w   r a t e   o f  t h e   f a l l i n g   f i l m   i s  

d e t e r m i n e d .  

3.  T h e  l e n g t h   o f  t h e   s l i t   t h r o u g h   w h i c h   t h e   f i l m  

m u s t  f a l l   i s   d e t e r m i n e d   f r o m  t h e   d i m e n s i o n s   of  t h e  

v e s s e l   in  w h i c h   i t   is   p l a c e d ,   o r  o t h e r   s i m i l a r   p h y s i c a l  

c o n s t r a i n t s .  

4.  The  w i d t h   o f  t h e  s l i t   i s  c a l c u l a t e d   so  as  t o  

p r o v i d e  a n   i n i t i a l   v e l o c i t y   w h i c h   i s   t h e   o p t i m u m  

v e l o c i t y   of  t h e   l i q u i d   f o r   f o r m i n g  a   c o n t i n u o u s   b o d y  
w h i l e   in  f r e e   f a l l   a t   t h e   d e t e r m i n e d   f l o w   r a t e   of  t h e  



l i q u i d .   E i t h e r   the   l e n g t h   or  w i d t h   of  t he   s l i t ,   o r  

b o t h ,   can   be  v a r i e d   to  a r r i v e   a t   t h e   d e s i r e d   c r o s s  

s e c t i o n a l   a r e a   wh ich   p r o d u c e s   t he   d e s i r e d   a v e r a g e  
i n i t i a l   v e l o c i t y .  

5.  The  l i q u i d   f low  mus t   be  e v e n l y   d i s t r i b u t e d  

t h r o u g h o u t   t he   s l i t   so  t h a t   a p p r o x i m a t e l y   the   s a m e  

v o l u m e   of  l i q u i d   f a l l s   t h r o u g h   e a c h   l i n e a r   s e g m e n t   o f  

the   s l i t .  

The  l a s t   of  t h e s e   f a c t o r s ,   e v e n l y   d i s t r i b u t i n g   t h e  

l i q u i d   f l o w   t h r o u g h o u t   t he   s l i t ,   has   c r e a t e d   a  s e r i o u s  

t e c h n i c a l   p r o b l e m .   I f ,   f o r   e x a m p l e ,   an  a r r a n g e m e n t   o f  

t he   t y p e   i l l u s t r a t e d   in  FIGURE  5  i s   used   w i t h o u t   a n y  
i n t e r n a l   f l o w   d i s t r i b u t i o n   s t r u c t u r e ,   a  c o n t i n u o u s   f i l m  

c a n n o t   be  f o r m e d .   T h i s   is  b e c a u s e   f l u i d   s u p p l i e d  

t h r o u g h   t he   i n p u t   p i p e   52  w i l l   n o t   i n h e r e n t l y  

d i s t r i b u t e   i t s e l f   u n i f o r m l y   t h r o u g h o u t   t he   l e n g t h   o f  

t h e   f i l m   f o r m i n g   head   54.  In  f a c t ,   a  d i s t i n c t   p r e s s u r e  
minimum  w i l l   be  p o s i t i o n e d   a t   t he   c e n t e r   of  the   f l o w  

d i s t r i b u t i o n   head   w h i l e   p r e s s u r e   maxima  w i l l   e x i s t   a t  

o p p o s i t e   e n d s   t h e r e o f .   A c c o r d i n g l y   a  f l ow  d i s t r i b u t i n g  

s t r u c t u r e   of  t he   t y p e   i l l u s t r a t e d   in  FIGURE  6  i s  

r e q u i r e d .  

As  shown  in  FIGURE  6,  t he   s u p p l y   p i p e   52  f e e d s   t h e  

f i l m   f o r m i n g   head   54.  The  f i l m   f o r m i n g   head   i t s e l f   i s  

c o n s t r u c t e d   of  an  i n n e r   p i p e   60  w h i c h   is  d i v i d e d   i n t o  

an  u p p e r   c h a m b e r   64  by  a  d i s t r i b u t i o n   p l a t e   66.  T h e  

u p p e r   c h a m b e r   62  i s   in  d i r e c t   c o m m u n i c a t i o n   w i t h   t h e  

s u p p l y   p i p e   52  and  is  a l w a y s   c o m p l e t e l y   f i l l e d   w i t h  

l i q u i d .   Flow  r a t e s   and  o t h e r   p a r a m e t e r s   a re   d e t e r m i n e d  

so  t h a t   t he   l i q u i d   s u r f a c e   i n d i c a t e d   by  the   l i n e   68  

e n t i r e l y   c o v e r s   t he   d i s t r i b u t i o n   p l a t e   66  a t   a l l  

t i m e s .   The  d i s t r i b u t i o n   p l a t e   c o n t a i n s   a  p l u r a l t y   o f  

d i s t r i b u t i o n   a p e r t u r e s   70,  as  i l l u s t r a t e d   in  FIGURE 



7.  The  d i s t r i b u t i o n   a p e r t u r e s   m a y  b e  s i z e d  

p r o g r e s s i v e l y   w i t h   t h e   l a r g e s t   a t   t h e  c e n t e r   and  t h e  

s m a l l e s t   n e a r   t h e   e x t r e m i t i e s   o f  t h e   d i s t r i b u t i o n  

p l a t e .   T h u s  i n   t h i s   a r r a n g e m e n t  t h e   s m a l l e s t  

d i s t r i b u t i o n   a p e r t u r e s   70  a r e   f o u n d  n e a r  t h e   e n d s  o f  

t h e   f i l m   f o r m i n g   head   5 4  w h e r e   t h e   f l u i d  p r e s s u r e   i s  

n o r m a l l y   h i g h e s t ,   w h i l e   t h e   l a r g e s t  d i s t r i b u t i o n  

a p e r t u r e s   a r e   n e a r   t h e   c e n t e r  o f   t h e   f i l m  f o r m i n g   h e a d  

w h e r e   t h e   p r e s s u r e   i s   n o r m a l l y  l o w e s t .   T h e  p u r p o s e   a n d  

f u n c t i o n   of  t h i s   a r r a n g e m e n t   i s   to   p r o v i d e   a  

s u b s t a n t i a l l y   u n i f o r m   f l o w   t h r o u g h   t h e   d i s t r i b u t i o n  

p l a t e   66  t h r o u g h o u t   i t s   l e n g t h .   The  a c t u a l   s i z i n g   o f  

t h e   h o l e s   can  be  c a l c u l a t e d   e a s i l y  u s i n g   c o n v e n t i o n a l  

m a t h e m a t i c a l   a n a l y s i s .   F u r t h e r m o r e ,   as  a n  a l t e r n a t i v e  

to  v a r y i n g   t h e  s i z e   o f  t h e   h o l e s   a l o n g   t h e   l e n g t h   o f  

t h e   d i s t r i b u t i o n   p l a t e ,  s m a l l   h o l e s   o f  e q u a l   s i z e   c a n  

be  u s e d   w i t h   t h e  d i s t r i b u t i o n   o f  h o l e s  a r r a n g e d   t o  

p r o v i d e   u n i f o r m i t y   of  f l o w  t h r o u g h   t h e  d i s t r i b u t i o n  

p l a t e   a l o n g   i t s  e n t i r e   l e n g t h .  

The  d i s t r i b u t i o n  p l a t e   i s   t h u s   u s e d  t o  s o l v e   t h e  

p r o b l e m   o f  p r o d u c i n g   u n i f o r m   o u t p u t  f l o w   a l o n g   t h e  

e n t i r e   l e n g t h   of  t h e   f l o w - f o r m i n g  h e a d   54.   H o w e v e r ,  

t h e   i n d i v i d u a l   s t r e a m s  o f   l i q u i d  f a l l i n g  t h r o u g h   t h e  

a p e r t u r e s   70  in   t h e   d i s t r i b u t i o n   p l a t e   m u s t   b e  

i n t e g r a t e d   t o  f o r m   a  c o n t i n u o u s   f i l m .   For   t h i s   r e a s o n ,  

a  t r o u g h   72  i s   s u p p o r t e d   w i t h i n   t h e  l o w e s t   c h a m b e r   64  

of  t h e   i n n e r   p i p e   60  to   c o l l e c t  t h e  l i q u i d   f a l l i n g  

t h r o u g h   t h e   d i s t r i b u t i o n   a p e r t u r e s   70 .   T h e  t r o u g h   7 2  

is   s u p p o r t e d   w i t h i n   t h e   l o w e r   c h a m b e r   64  b y  m e a n s   o f  

s u i t a b l e   m o u n t i n g  m e m b e r s   7 4  w h i c h  a r e   a r r a n g e d   so  a s  

n o t   to   i m p e d e   t h e   f l o w   of  l i q u i d   o u t  o f   t h e   t r o u g h   o v e r  

t h e   t o p  o f  i t s  s i d e   w a l l s   76  a n d  o u t  t h r o u g h   t he   s l i t  

56.  T h i s   c o m b i n e d   s t r u c t u r e   t h u s  s e r v e s   s e v e r a l  

p u r p o s e s .   F i r s t ,   f l o w   i s   e v e n l y   d i s t r i b u t e d   t h r o u g h o u t  



t h e   l e n g t h   of  t he   f i l m   f o r m i n g   head   by  t h e   d i s t r i b u t i o n  

p l a t e   66.  S e c o n d ,   t he   l i q u i d   d r o p p i n g   t h r o u g h   t h e  

d i s t r i b u t i o n   p l a t e   is  i n t e g r a t e d   i n t o   a  c o n t i n u o u s   b o d y  

by  t h e   t r o u g h   72.  T h i r d ,   the   t r o u g h   is   p e r m i t t e d   t o  

o v e r f l o w   so  t h a t   t he   l i q u i d   f l o w s   a l o n g   t h e   w a l l s   o f  

t h e   l o w e r   c h a m b e r   64  of  t he   i n n e r   p i p e   60  and  ou t   s l i t  

58  in  t he   fo rm  of  a  c o n t i n u o u s ,   i s o l a t e d   f r e e - f a l l i n g  

f i l m   5 8 .  

The  a p p a r a t u s   of  FIGURE  6  is   n o r m a l l y   c o n s t r u c t e d  

of  s t a i n l e s s   s t e e l   w i t h   e x t e r n a l   i n s u l a t i o n   75  b e i n g  

f o r m e d   of  a  s u i t a b l e   m a t e r i a l   r e s i s t a n t   to  d e g r a d a t i o n  

at   h i g h   t e m p e r a t u r e s .   With  t h i s   s t r u c t u r e ,   b o t h   s i d e s  

of  t he   s l i t   56  a r e   f o r m e d   of  s t a i n l e s s   s t e e l   s i n c e   t h e  

i n n e r   p i p e   60  i s   f o r m e d   of  t h a t   m a t e r i a l .  

The  open   ends   of  t he   f i l m   f o r m i n g   head   54  a r e  

p r e f e r a b l y   c l o s e d   by  a  r e m o v a b l e   end  cap  86  as  shown  i n  

F i g u r e   8.  The  end  cap  i n c l u d e s   a  s t a i n l e s s   s t e e l   c a p  
88  h a v i n g   an  e x t e n d e d   r im  90  h a v i n g   an  i n n e r   d i a m e t e r  

s o m e w h a t   g r e a t e r   t h a n   the   o u t e r   d i a m e t e r   of  t he   i n n e r  

p i p e   50  so  t h a t   t he   r im  f i t s   a r o u n d   the   p i p e   6 0 .  

W i t h i n   t he   cap  88  is  a  s e a l i n g   g a s k e t   92  f o r m e d   o f  

T e f l o n ,   s u i t a b l e   r u b b e r   or  a n o t h e r   a p p r o p r i a t e   m a t e r i a l  

of  s i m i l a r   p r o p e r t i e s .   The  g a s k e t   p r e s s e s   a g a i n s t   t h e  

open  end  s u r f a c e ,   d e s i g n a t e d   94,   of  t h e   i n n e r   p i p e   60 

p r o v i d i n g   a  f l u i d   t i g h t   s e a l .  

The  end  cap  86  is  h e l d   in  p l a c e   by  a  s u i t a b l e  

o v e r c e n t e r   or  s n a p - a c t i o n   m e c h a n i s m   96.  T h i s   m e c h a n i s m  

i n c l u d e s   a  p a i r   of  b e a r i n g   members   98  ( o n l y   one  s h o w n )  

s e c u r e d   to  o p p o s i t e   s i d e s   of  t he   o u t e r   s u r f a c e   of  p i p e  

60.  T h e s e   b e a r i n g   s u r f a c e s   have   a  c e n t r a l   r e c e s s   1 0 0  

i n t o   w h i c h   e a c h   of  t he   two  l e g s   102  of  t he   a c t u a t o r   a r m  

104  a r e ' p i v o t a l l y   i n s e r t e d .   The  a c t u a t o r   arm  i n c l u d e s  

a  p a i r   of  c i r c u l a r   c o u p l i n g   p o i n t s   106 ,   one  of  which   i s  

l o c a t e d   on  e i t h e r   s i d e   of  t he   p i p e   60.  A  c o u p l i n g  



member  108  of  g e n e r a l   U - s h a p e d   c o n f i g u r a t i o n   i s  

c o n n e c t e d   to   e a c h   of  t h e   c i r c u l a r   c o u p l i n g  p o i n t s   1 0 6  

on  o p p o s i t e   s i d e s   of  t h e  p i p e   60  and  e x t e n d s   a c r o s s   a  

g r o o v e   110  in  t h e   end  s u r f a c e   o f  c a p   8 8 .  

By  a p p r o p r i a t e   m o t i o n   o f  t h e   a c t u a t o r  a r m   104,   t h e  

end  cap  is   e i t h e r   p r e s s e d   in  p o s i t i o n   t o   s e a l   t h e   o p e n  
end  of  t he   i n n e r  p i p e   60  o r  i s   r e l e a s e d   f r o m  t h e   p i p e  

60  to  p e r m i t   e a s y  a c c e s s  t o   t h e   i n t e r i o r   t h e r e o f .   A 

s i m i l a r   cap  i s  p o s i t i o n e d  a t   t he   o p p o s i t e   end  o f  t h e  

p i p e   6 0 .  

The  f i l m  f o r m i n g   h e a d   shown  in  F i g u r e s  6 - 8   i s  

c h a r a c t e r i z e d   as  a  " c e n t e r   f e e d "  h e a d   b e c a u s e   t he   f l u i d  

s u p p l i e d   to   t h e   head   i s   d e l i v e r e d   t h r o u g h   t he   i n l e t  

p i p e   52  w h i c h   i s  p o s i t i o n e d   a t   t h e   c e n t e r   of  t h e   f i l m  

f o r m i n g   head   54.   An  a l t e r n a t i v e   to   t h i s   s u r f a c e   i s   t h e  

"end   f e e d  h e a d "   i l l u s t r a t e d   in  F i g u r e   9.  In  t h i s  

a r r a n g e m e n t ,   t h e   s u p p l y   p i p e  5 2   is   c o u p l e d   t o  a   f l o w  

d i v i d i n g   m a n i f o l d   112  w h i c h   i s   c o u p l e d   t o  b o t h   e n d s   o f  

a  m o d i f i e d   f i l m   f o r m i n g  h e a d   1 1 4 ,  w h e r e b y   a n  e q u a l   f l o w  

of  l i q u i d   i s   s u p p l i e d   to   o p p o s i t e   e n d s   of   t he   h e a d  

114 .   T h i s   d e s i g n   has   s e v e r a l   i m p o r t a n t   a d v a n t a g e s   o v e r  

t h e   c e n t e r   f e e d   d e s i g n   p r e v i o u s l y  d e s c r i b e d .   F i r s t ,  n o  

" d e a d   f l o w "   s p o t s   a r e   c r e a t e d  i n  t h e   end  f e e d   d e s i g n ,  

t h u s   p r o v i d i n g   a  p o t e n t i a l l y   more   s a n i t a r y  

a r r a n g e m e n t .   T h e  f l o w   d i s t r i b u t o r  c a n   a l s o   be  m o r e  

e a s i l y   c l e a n e d   and  s e r v i c e d   i n  p l a c e .   F u r t h e r m o r e ,   t h e  

f l o w   is   more  e v e n l y   d i s t r i b u t e d   a n d  s p l i t t i n g   or  o t h e r  

d e f o r m a t i o n   o f  t h e   f a l l i n g   f i l m  5 8   is   l e s s  l i k e l y   t o  

o c c u r .   In  a d d i t i o n   t h e   n e e d   f o r   t h e   end  cap  s t r u c t u r e  

i l l u s t r a t e d  i n   F i g u r e  8   i s   e l i m i n a t e d .  

The  m o d i f i e d   f i l m  f o r m i n g   h e a d   114  r e t a i n s   t h e  

s l i t   56  f o r   f o r m i n g   t h e   f i l m   58  a n d  t h e  e n t i r e   a s s e m b l y  
is   f u l l y   i n s u l a t e d ,   a l t h o u g h   t h e   i n s u l a t i o n  i s   n o t  

s h o w n  i n   F i g u r e   9.  H o w e v e r ,   t h e   f i l m   d i s t r i b u t i o n  



p l a t e   66  is  e l i m i n a t e d   and  r e p l a c e d   by  a  f l o w  

d i s t r i b u t i o n   t u b e   116 .   The  f l o w   d i s t r i b u t i o n   t u b e   i s  

i n s e r t e d   i n t o   a  l e n g t h   of  s t a i n l e s s   s t e e l   p i p e   1 1 8  

h a v i n g   t he   s l i t   56  in  a  l o w e r   s u r f a c e   t h e r e o f ,   a n d  

a p p r o p r i a t e   m o u n t i n g   f l a n g e s   120  and  122  to  p e r m i t   a 

f l u i d   t i g h t   c o u p l i n g   w i t h   t he   f l o w   d i v i d i n g   m a n i f o l d  

1 1 2 .  

The  f l o w   d i s t r i b u t i o n   t u b e   116  is  i l l u s t r a t e d   i n  

more  d e t a i l   in  F i g u r e   10  as  i n c l u d i n g   a  c e n t r a l   b o d y  

124  h a v i n g   a  c o n i c a l   end  f l a n g e   126  a t   e i t h e r   e n d  

t h e r e o f .   The  end  f l a n g e   126  may  be  e i t h e r   f o r m e d  

i n t e g r a l l y   w i t h   the   c e n t r a l   body  124  or  may  be  c o u p l e d  

to  t he   c e n t r a l   body  by  c o n v e n t i o n a l   m e a n s .   The  o u t e r  

d i a m e t e r   of  t he   c e n t r a l   body  124  is   l e s s   t h a n   t he   i n n e r  

d i a m e t e r   of  t he   p i p e   118  to   p r o v i d e   a  f l o w   s p a c e   1 2 8  

b e t w e e n   t h e s e   two  s t r u c t u r e s .   The  end  f l a n g e s   126  a t  

e i t h e r   end  of  the   f l ow  d i s t r i b u t i o n   t u b e   is  e x p a n d e d   t o  

the   same  d i a m e t e r   as  t he   i n n e r   d i a m e t e r   of  t he   p i p e  

118,   t h e r e b y   p r o v i d i n g   a  f l u i d   s e a l   f o r   d i r e c t i n g   a l l  

f l u i d   f rom  t he   f low  d i v i d i n g   m a n i f o l d   112  i n t o   t h e  

i n t e r i o r   o p e n i n g   of  t he   f l o w   d i s t r i b u t i o n   a p e r t u r e s   1 3 0  

d r i l l e d   t h r o u g h   the   c e n t r a l   body  124  fo  t h e  

d i s t r i b u t i o n   t u b e .   T h e s e   a p e r t u r e s   a r e   v a r i e d   in  s i z e  

or  d e n s i t y   in  the   same  m a n n e r   as  p r e v i o u s l y   d e s c r i b e d  

w i t h   r e s p e c t   to  the   d i s t r i b u t i o n   a p e r t u r e   70  of  t h e  

d i s t r i b u t i o n   p l a t e   66.  H o w e v e r ,   t he   d i s t r i b u t i o n  

p a t t e r n   is  d i f f e r e n t   in  t he   c a s e   of  t he   a p p a r t u s  

i l l u s t r a t e d   in  F i g u r e   12  b e c a u s e   the   p r e s s u r e  
d i s t r i b u t i o n   in  the   end  f e e d   s y s t e m   is  d i f f e r e n t   f r o m  

t h a t   in  t he   c e n t e r   f e e d   s y s t e m ,   as  w i l l   be  a p p a r e n t   t o  

t h o s e   s k i l l e d   in  the   a r t .   S p e c i f i c a l l y ,   the   s i z e   o r  

d e n s i t y   of  t h e   h o l e s   s h o u l d   be  d e c r e a s e d   t o w a r d   t h e  

c e n t e r   of  t he   f low  d i s t r i b u t i o n   t u b e   116  and  i n c r e a s e d  

t o w a r d   the   ends   t h e r e o f .   The  f l o w   d i s t r i b u t i o n  



a p e r t u r e s   130  a r e   o r i e n t e d  t o w a r d   t h e   t op   s u r f a c e   o f  

t h e   d i s t r i b u t i o n   t u b e   w h e n  t h e   d i s t r i b u t i o n   t u b e   i s   i n  

p l a c e   in   t h e   d i s t r i b u t i o n   h e a d .   When  a s s e m b l e d  i n   t h i s  

m a n n e r ,   f l u i d   f l o w i n g   t h r o u g h   t h e  i n t e r i o r  o f   t h e  

d i s t r i b u t i o n   t u b e   116  p a s s e s  o u t   t h r o u g h  t h e  

d i s t r i b u t i o n   a p e r t u r e s   130  and  f l o w s   a r o u n d   t h e   o u t e r  

s u r f a c e   of  t h e   d i s t r i b u t i o n  t u b e   i n t o   t h e   f l o w   s p a c e  
128  and  o u t   t h r o u g h   t h e   s l o t   56  to   f o r m   t h e  c o n t i n u o u s  
i s o l a t e d   f i l m   5 8 .  

In  many  i n s t a n c e s   i t  i s   d e s i r a b l e  t o   h a v e   m o r e  
t h a n   one  f i l m  f o r m i n g   h e a d   in   u se   a t   t h e  s a m e   t i m e .  

For  i n s t a n c e ,   i t   maybe  d e s i r a b l e   to   h a v e   a  p l u r a l i t y   o f  

h e a d s   o p e r a t i n g   w i t h i n  a  s t e r i l i z a t i o n  d e v i c e   in  o r d e r  

to  i n c r e a s e   t h e   f l o w   h a n d l i n g   c a p a b i l i t y   of  t he   d e v i c e  

and  e f f i c i e n t l y   u t i l i z e   t h e   i n t e r i o r   s p a c e   of  t h e  

d e v i c e .   In  t h e   p a s t ,   a  m a n u a l   v a l v e   has   been   u t i l i z e d  

f o r   c o n t r o l l i n g   t h e   f l o w  t o   e a c h   f i l m   f o r m i n g   h e a d .  

H o w e v e r ,   when  s e v e r a l   f i l m s   a r e   in   use   i t   b e c o m e s  

d i f f i c u l t   t o   p r o p e r l y   a d j u s t   t h e   v a l v e s   to  p r o v i d e  

a p p r o p r i a t e   f l o w   d i s t r i b u t i o n   t o   a l l   f i l m   f o r m i n g  

h e a d s .   As  a  r e s u l t ,   u n e q u a l  f l o w   d i s t r i b u t i o n  

s o m e t i m e s   o c c u r s   c a u s i n g   one  o r  m o r e   f i l m  t o   b e  

i m p e r f e c t l y   f o r m e d   so  t h a t   s p l a s h i n g   can   o c c u r  c a u s i n g  

d r o p l e t s   to  b u r n   o n t o   h o t   s u r f a c e s   of   t h e  s t e r i l i z a t i o n  

d e v i c e   c a u s i n g   some  c o n t a m i n a t i o n   of   t h e   t r e a t e d  

p r o d u c t .   F u r t h e r m o r e ,   u n l e s s   a  f l o w m e t e r   i s   u s e d   i n  

e a c h   of  t h e   f e e d   p i p e s ,   i t   b e c o m e s   d i f f i c u l t   f o r   a n  

o p e r a t o r   to   a d j u s t   t h e   v a l v e s  a n d   v i s u a l l y   d e t e r m i n e  

t he   a p p r o p r i a t e   f i l m   f o r m a t i o n   f o r   e a c h  f a l l i n g   f i l m .  

To  e l i m i n a t e   t h e   e x p e n s e   of  m u l t i p l e   f l o w m e t e r s  a n d  

o t h e r   d i s a d v a n t a g e s ,   a  u n i q u e   a p p r o a c h   to   s o l v i n g   t h i s  

f l u i d   f l o w   d i s t r i b u t i o n   p r o b l e m   has   b e e n   d e v e l o p e d   a n d  

w i l l   now  be  d e s c r i b e d   m a t h e m a t i c a l l y .  

The  f l o w   e q u a t i o n   f o r   an  i n c o m p r e s s i b l e   f l u i d  



f l o w i n g   t h r o u g h   an  o r i f i c e   in  a  p i p e   is  ( s e e   M e c h a n i c s  

of  F l u i d s ;   S h a m e s ,   I r v i n g   H. ,   McGraw  H i l l ,   1 9 6 2 ,   p .  
1 6 8 ) :  

W h e r e :  

Cd  is  the   c o e f f i c i e n t   of  f r i c t i o n  
Q  is  the   f l o w   r a t e  

Al  is  the   c r o s s   s e c t i o n a l   a r e a   of  the   p i p e  
A2  is  the   c r o s s   s e n t i o n a l   a r e a s   of  the   o r i f i c e   ( s l i t )  
P1  is  the   p r e s s u r e   b e f o r e   t he   o r i f i c e   ( s l i t )  
P2  is  the   p r e s s u r e   a f t e r   the   o r i f i c e   ( s l i t )  

is  t he   d e n s i t y   fo  t he   l i q u i d  

For  A1>>A2  t he   f l o w   can  be  a p p r o x i m a t e d   a s :  

E q u a t i o n   2  r e v e a l s   t h a t   t he   f low  in  a  p i p e   and  t h r o u g h  

a  s l i t   o r i f i c e   i s   d i r e c t l y   p r o p o r t i o n a l   to  t he   c r o s s  

s e c t i o n a l   a r e a   of  t h e   s l i t   and  d i r e c t l y   p r o p o r t i o n a l   t o  

the   s q u a r e   r o o t   of  t h e   p r e s s u r e .  

F i g u r e   11A  and  11B  d e p i c t   a  f i l m   f o r m i n g   h e a d   w i t h  

an  i n n e r   p i p e   60  h a v i n g   a  s l i t   56.  A c c o r d i n g   t o  

e q u a t i o n   2,  t h e   f l o w   t h r o u g h   the   s l i t   w i l l   d e p e n d   o n  

the   s q u a r e   r o o t   of  P1-P2   and  c r o s s   s e c t i o n a l   a r e a   o f  

the   s l i t   w h i c h   i s   t he   l e n g t h   of  t he   p i p e   t i m e s   t h e   s l i t  

w i d t h   ( L t ) .   I f   t h e   d i f f e r e n c e   b e t w e e n   Pl  and  P2  

r e m a i n s   c o n s t a n t   or   Pl  r e m a i n s   c o n s t a n t ,   ( s i n c e   P2  i s  

c o n s t a n t   f o r   a l l   t u b e s ) ,   t h e n   the   f low  Q  w i l l   b e  

p r o p o r t i o n a l   to   t h e   a r e a   of  the   s l i t   o p e n i n g .   I f   t h e  

s l i t   w i d t h   ( t )   is  a l s o   t he   same  f o r   the   t u b e s ,   t h e n   t h e  

f low  Q  w i l l   be  p r o p o r t i o n a l   to  the   l e n g t h   of  t h e   t u b e .  

For  more  t h a n   one  f i l m   f o r m i n g   head   in  a  

s t e r i l i z e r ,   i f   t he   p r e s s u r e   in  t he   v e r t i c a l   p i p e   is   t h e  



same  f o r   a l l   h e a d s ,   t h e n  t h e   f l o w   Q  w o u l d  b e  

d i s t r i b u t e d   p r o p o r t i o n a l   to   t h e   l e n g t h   of  t he   f i l m ,  

t h u s   p r o v i d i n g   o p t i m u m   f i l m   f o r m a t i o n   f o r   a l l   f i l m s   a t  

a  s p e c i f i e d   f l o w   r a t e .   T h e  d e s i g n   f o r   d i s t r i b u t i n g   t h e  

f l ow  coming   i n t o   t h e   s t e r i l i z e r   s h o u l d  b e   s u c h  t h a t   t h e  

p r e s s u r e   in  t h e   f i l m   f o r m i n g   h e a d s   i s  e q u a l  f o r   a l l  

f i l m s .   I f   t h e   s l i t  w i d t h s   a r e   t h e   same  f o r   a l l   f i l m  

f o r m i n g   h e a d s ,   t h e n   t h e   f l o w   w i l l   be  d i r e c t l y  

p r o p o r t i o n a l   to   t h e   s l i t   l e n g t h .  

A  v e r y   s i m p l e   d e s i g n   i n c o r p o r a t i n g   t h e s e   c o n c e p t s  
is   shown  in  F i g u r e   12  f o r   two  f i l m s   and  i n  F i g u r e   1 3  

f o r   f o u r   f i l m s .   The  t w o  f i l m  d e s i g n   i l l u s t r a t e d   i n  

F i g u r e   12  i n c l u d e s   t h e  f l o w  s u p p l y   p i p e   52  f e e d i n g   a  

b r a n c h   p i p e   134  h a v i n g   t w o  a r m s ,   e a c h   c o u p l e d   to   a  f i l m  

f o r m i n g   head   1 4 0 ,  1 4 2 .   T h e s e  f i l m   f o r m i n g   h e a d s   m a y  b e  

e q u i v a l e n t   in   d e s i g n   to   e i t h e r   t h e   c e n t e r   f e e d   or   e n d  

f e e d   u n i t s   p r e v i o u s l y   d e s c r i b e d .   The  d i a m e t e r   of  t h e  

b r a n c h   p i p e   134  i s   c o n s t a n t   a n d  i s  t h e   same  in  b o t h  

arms  136  and  138 .   I f  o n e  o f   t h e   f i l m   f o r m i n g   h e a d s   i s  

s h o r t e r   t h a n   t h e   o t h e r ,   t h e n   a c c o r d i n g   to   t he   e q u a t i o n s  

s e t   f o r t h   a b o v e   t h e  f l o w   w i l l   be  u n e q u a l l y   d i s t r i b u t e d  

in  t he   a rms   136  and  138 ,   t h e   arm  l e a d i n g  t o  t h e   f i l m  

f o r m i n g   h e a d   w i t h   t h e   l o n g e r   s l i t   r e c e i v i n g  t h e   g r e a t e r  

q u a n t i t y   of  f l u i d . .   S i m i l a r l y ,   in   F i g u r e   13  a  

d i s t r i b u t i o n   u n i t  f o r   f o r m i n g   f o u r   s e p a r a t e  f i l m s   i s  

i l l u s t r a t e d .   In  t h i s   u n i t   a  s u p p l y  p i p e   52  i s   c o u p l e d  

t o  b r a n c h  p i p e   134  a g a i n   h a v i n g   arms  136  a n d  1 3 8 .  

H o w e v e r ,   t h e   arm  136  i s   c o u p l e d   to   a  s e c o n d   b r a n c h   1 4 4  

h a v i n g   arms  1 4 6  a n d  1 4 8   wh ich   a r e   c o u p l e d  t o  a  s e c o n d  

b r a n c h   p i p e   154  w h i c h  i n  t u r n   has   two  a rms  1 5 6  a n d   1 5 8  

c o u p l e d   r e s p e c t i v e l y   to   f i l m   f o r m i n g   h e a d s   1 6 0  a n d  

162.   Thus  t h e   a r r a n g e m e n t  i n   F i g u r e  1 3   i s   s i m i l a r   t o  

t h a t   in  F i g u r e   12 ,   b u t   w i t h   an  a d d i t i o n a l   s t a g e   o f  

d i s t r i b u t i o n   a d d e d .   The  same  s y s t e m  c a n  b e   s c a l e d   u p  



to  h a n d l e   e s s e n t i a l l y   any  number   of  f i l m   f o r m i n g  

h e a d s .   A l t h o u g h   shown  o n l y   f o r   an  even   number   o f  

h e a d s ,   t he   s y s t e m   w o r k s   e q u a l l y   w e l l   f o r   an  odd  n u m b e r  

of  h e a d s .   H o w e v e r ,   some  o r i f i c i n g   of  t he   f l o w   may  b e  

n e c e s s a r y .  

U s i n g   t h i s   d e s i g n ,   e q u a l   p r e s s u r e   wou ld   b e  

p r o v i d e d   f o r   a l l   f i l m   f o r m i n g   h e a d s .   T h i s   d i s t r i b u t i n g  

s y s t e m   d o e s   no t   need   any  v a l v e s   or  any  o p e r a t o r  
i n t e r a c t i o n .   I t   is   f l e x i b l e   in  t h a t   u n n e e d e d   f i l m  

s u p p l y   p i p e s   may  be  c a p p e d   o f f ,   and  i t   p r o v i d e s   o p t i m u m  

f i l m   f o r m a t i o n   f o r   a  g i v e n   f l o w .  

A l t h o u g h   t he   f i l m   f o r m i n g   h e a d s   have   b e e n  

i l l u s t r a t e d   as  b e i n g   f o rmed   of  s t r a i g h t   or  l i n e a r  

l e n g t h s   of  p i p e ,   or  of  l i n e a r   p i p e s   a r r a n g e d   i n  

p a r a l l e l ,   t h e y   need   no t   be  l i m i t e d   to  t h e s e   t y p e s   o f  

c o n f i g u r a t i o n s .   O t h e r   c o n f i g u r a t i o n s   f o r   t he   f i l m  

f o r m i n g   h e a d s   work  e q u a l l y   w e l l .  

R e f e r r i n g   now  to  F i g u r e   14,  t he   f i l m   58  of  t h e  

p r e s e n t   i n v e n t i o n   is   shown  p o s i t i o n e d   w i t h i n   a  

s t e r i l i z a i t o n   c h a m b e r   or  UHT  u n i t   176 .   T h e  

s t e r i l i z a i t o n   c h a m b e r   176  is  b a s e d   on  t h a t   d i s c l o s e d   i n  

D a v i s   P a t e n t   No.  3 , 7 7 1 , 4 3 4   in  t e r m s   of  i t s   g e n e r a l  

s t r u c t u r a l   c o n f i g u r a t i o n   i n c l u d i n g   i t s   i n s u l a t e d   o u t e r  

w a l l   s t r u c t u r e   177  and  c o n i c a l   l o w e r   p o r t i o n   180 .   T h e  

f i l m   f o r m i n g   h e a d   54  i n c l u d i n g   s l i t   56  is  a n  

i m p r o v e m e n t   in  a c c o r d a n c e   w i t h   t he   p r e s e n t   i n v e n t i o n ,  

h o w e v e r ,   i t   s h o u l d   be  n o t e d   in  t h i s   r e g a r d   t h a t   a  

p l u r a l i t y   of  f i l m  f o r m i n g   h e a d s   of  any  of  t h e  

p r e v i o u s l y   d i s c l o s e d   t y p e s   and  c o n f i g u r a t i o n s   can  b e  

u s e d   in  t he   s t r u c t u r e   i l l u s t r a t e d   in  F i g u r e   14  as  c a n  

t he   f l o w   d i s t r i b u t i o n   d e v i c e s   of  F i g s .   12  and  1 3 .  

R e f e r r i n g   a g a i n   to  F i g .   14,   t he   s t e r i l i z a t i o n  

c h a m b e r   176  i n c l u d e s   a  s t e a m   i n l e t   m a n i f o l d   178  t o  



p e r m i t   e n t r y   of  t h e   h i g h   t e m p e r a t u r e   s t e a m   in  such   a  

way  t h a t   s t e r i l i z a t i o n   of  t he   f a l l i n g   c o n t i n u o u s ,  

i s l o a t e d   f i l m   58  can   t a k e   p l a c e .   The  l o w e r   p o r t i o n   o f  

t h e   s t e r i l i z a t i o n   c h a m b e r   176  is   f o r m e d   i n t o   c o n i c a l  

s e c t i o n   180  upon  w h i c h   t he   f a l l i n g   c o n t i n u o u s ,   i s o l a t e d  

f i l m   58  i m p i n g e s   and  i s   c o l l e c t e d   f o r   w i t h d r a w a l  

t h r o u g h   an  o u t l e t   p i p e   182 .   The  i n t e r i o r   s u r f a c e   o f  

t he   c o n i c a l   s e c t i o n   180  may  be  c o a t e d   w i t h   s u i t a b l e  

i n e r t   p l a s t i c   m a t e r i a l   such   as  T e f l o n ,   as  i n d i c a t e d   a t  

184 .   The  c o n i c a l   s e c t i o n   180  may  a l s o   be  p r o v i d e d   w i t h  

a  c o o l i n g   j a c k e t   186  to   w h i c h   a  c o o l i n g   f l u i d   s u c h   a s  

a i r   or  w a t e r   i s   s u p p l i e d   t h r o u g h   a  p a i r   of  i n l e t   p i p e s  

188  and  i s   w i t h d r a w n   t h r o u g h   a  p a i r   of  o u t l e t   p i p e s  

190 .   The  use   of  t h e   T e f l o n   c o a t i n g   184  i s   i m p o r t a n t   i n  

t h a t   i t   p r e v e n t s   t h e   h e a t e d   f a l l i n g   c o n t i n u o u s ,  

i s o l a t e d   f i l m   f rom  e n g a g i n g   a  m e t a l   s u r f a c e   w h i l e   a t   a  

h i g h   t e m p e r a t u r e   w i t h i n   t he   s t e r i l i z a t i o n   c h a m b e r ,   t o  

t h e r e b y   p r e v e n t   any  p o s s i b l e   f l a v o r   d i s t o r t i o n   c a u s e d  

by  c o n t a c t   of  t he   h o t   m i l k   w i t h   a  m e t a l   s u r f a c e .   T h e  

c o o l i n g   j a c k e t   186  c o o l s   t h e   c o n i c a l   s e c t i o n   180  a s  

w e l l   as  t h e   i n n e r   T e f l o n   c o a t i n g   to   a  t e m p e r a t u r e   b e l o w  

t h e   t e m p e r a t u r e   of  t h e   f a l l i n g   c o l u m n   of  m i l k   58  ( e . g .  

a b o u t   2 8 0 ° F ) .   Thus  t h e   f a l l i n g   c o l u m n   of  m i l k   i m p i n g e s  

upon  a  s u r f a c e   184  w h i c h   i s   c o o l e r   t h a n   i t s e l f ,   so  t h a t  

t h e   e a r l i e r   m e n t i o n e d   c r i t e r i o n   i s   m e t :   t h e   h e a t e d  

m i l k   n e v e r   i m p i n g e s   upon  a  s u r f a c e   w h i c h   i s   h o t t e r   t h a n  

( o r   e v e n   as  h o t   as )   i t s e l f   in  t he   c o u r s e   of  t h e  

s t e r i l i z i n g   p r o c e s s .   T h i s   has   b e e n   e x p e r i m e n t a l l y  

d e t e r m i n e d   to  be  a  h i g h l y   s i g n i f i c a n t   f a c t o r   i n  

m a i n t a i n i n g   p r o p e r   f l a v o r   q u a l i t y   in  t h e   [ s t e r i l i z e d ]  

UHT  m i l k .  

I t  w a s   e x p e r i m e n t a l l y   f o u n d   t h a t   u s i n g   w a t e r   a s  

t h e   c o o l a n t   and  i n c r e a s i n g   t he   f l o w   r a t e   of  w a t e r  

t h r o u g h   t h e   j a c k e t   and  t h u s   t he   c o o l i n g   of   t h e   c o n e ,  



d e c r e a s e s   t he   a m o u n t   of  b u r n - o n .   When  t he   w a t e r   o u t l e t  

t e m p e r a t u r e   r e a c h e s   a p p r o x i m a t e l y   1 0 0 ° F ,   b u r n - o n   i s  

c o m p l e t e l y   e l i m i n a t e d .   B e c a u s e   of  t he   s m a l l   s u r f a c e  

a r e a ,   a c t u a l   h e a t   t r a n s f e r   i s   s m a l l   and  i s   l e s s   t h a n  

1 0 0 , 0 0 0   BTU's   pe r   h o u r   f o r   a  1 2 , 0 0 0   q t s .   p e r   h o u r  

s y s t e m .  

As  an  a l t e r n a t i v e   to  t he   T e f l o n   c o a t i n g   184  a n d  

c o o l i n g   j a c k e t   186 ,   a  T e f l o n   cone   192  ( shown  i n  

p h a n t o m )   may  be  m o u n t e d   w i t h i n   t h e   c o n i c a l   s e c t i o n   o f  

t he   s t e r i l i z a t i n   c h a m b e r   upon  a  s u i t a b l e   r a c k   194 .   T h e  

cone   i s   s p a c e d   f rom  t he   w a l l s   of  t h e   c o n i c a l   s e c t i o n  

and  has   a  s u f f i c i e n t l y   wide   t op   o p e n i n g   to   r e c e i v e   a l l  

of  t he   f a l l i n g   l i q u i d   p r o d u c t .   A l t h o u g h   the   T e f l o n  

cone   d o e s   no t   p r o v i d e   a  c o o l i n g   f u n c t i o n ,   i t   d o e s   n o t  

h e a t - u p   e x c e s s i v e l y   and  p r e v e n t s   p r o d u c t   b u r n - o n .  

As  was  p o i n t e d   o u t   p r e v i o u s l y ,   p h y s i c a l  

p e r t u r b a t i o n   of  t he   h e a t e d   m i l k   mus t   be  m i n i m i z e d   t o  

p r e v e n t   f l a v o r   d i s t o r t i o n .   A  good  e x a m p l e   of  t he   t y p e  

of  p h y s i c a l   p e r t u r b a t i o n   t h a t   can  s e r i o u s l y   damage  t h e  

f l a v o r   of  t h e   m i l k   is   s p l a s h i n g   as  t he   f i l m   of  m i l k   58 

s t r i k e s   t he   c o n i c a l   s e c t i o n   180  of  t he   s t e r i l i z a t i o n  

c h a m b e r   as  t he   s t e r i l i z a t i o n   h e a t i n g   is  c o m p l e t e d .   I f  

t h e   f i l m   58  i s   no t   p r o p e r l y   f o r m e d ,   and  is   no t   of  t h e  

p r o p e r   h e i g h t ,   the   e n t i r e   f i l m ,   or  p o r t i o n s   of  t he   f i l m  

a d j a c e n t   t h e   edge  t h e r e o f ,   can  become  d i s c o n t i n u o u s   a n d  

fo rm  d r o p l e t s   no t   c o n n e c t e d   w i t h   t h e   main   body  o f  

f i l m .   T h i s   is   in  e f f e c t   a  b r e a k i n g   of  t he   o v e r a l l  

u n i t a r y   s u r f a c e   t e n s i o n   w h i c h   h o l d s   a l l   of  t he   f i l m  

p a r t i c l e s   t o g e t h e r .   Once  d r o p l e t s   of  t h i s   n a t u r e   a r e  

f o r m e d ,   s u b s t a n t i a l   s p l a s h i n g   can  o c c u r   as  t h e s e  

d r o p l e t s   i m p i n g e   upon  the   l o w e r   c o n i c a l   s u r f a c e   of  t h e  

s t e r i l i z a t i o n   c h a m b e r .   T h i s   s p l a s h i n g  m a y   c a u s e   m i l k  

p a r t i c l e s   to  c o n t a c t   t he   v e r t i c a l   s i d e   of  t he   v e s s e l ,  

c a u s i n g   b u r n - o n   and  f l a v o r   d i s t o r t i o n   in  t he   p o r t i o n   o f  



t he   m i l k   t h a t   i s   h i g h l y   a g i t a t e d   by  t he   s p l a s h i n g   a n d  

t h i s   f l a v o r   d i s t o r t i o n   can   c o n t a m i n a t e   t h e   e n t i r e  

q u a n t i t y   of  m i l k   p a s s i n g   t h r o u g h   t h e  s t e r i l i z e r .  

A c c o r d i n g l y   i t   i s   of  c o n s i d e r a b l e   i m p o r t a n c e   t h a t   t h e  

f i l m   58  be  m a i n t a i n e d   f u l l y   c o n t i n u o u s   e v e n   a f t e r   i t  

i m p i n g e s   upon  t h e   c o o l e d   c o n i c a l   s e c t i o n  1 8 0   of  t h e  

s t e r i l i z a t i o n   c h a m b e r .   When  t he   f i l m   5 8  i s   p r o p e r l y  

r e g u l a t e d ,   i t   d o e s   n o t   s p l a s h   when  e n g a g i n g   t h e   c o n i c a l  

s e c t i o n ,   t h e r e b y   v i r t u a l l y   e l i m i n a t i n g   s e v e r e   p h y s i c a l  

p e r t u r b a t i o n s  o r   a g i t a t i o n   f rom  t h e   f a l l i n g  c o l u m n   o f  

m i l k .   T h i s   p h e n o m e n o n   is   a n a l o g o u s   t o ,  a n d   can  b e  

d e m o n s t r a t e d   by ,   a  f a l l i n g   c o l u m n   o f  w a t e r  f r o m   a n  

o r d i n a r y   f a u c e t .   W h e n  t h e   f a u c e t  i s  t u r n e d  o n  

s l i g h t l y ,   d r o p s   f rom  w h i c h   f a l l  t o   t h e   s i n k  s u r f a c e   a n d  

s p l a s h ,   i . e .   b r e a k   up  i n t o   v e r y  f i n e   d r o p l e t s  w h i c h  

t r a v e l   in  a l l  d i r e c t i o n s   a w a y . f r o m   t h e   s p l a s h   zone   a t  

c o n s i d e r a b l e   v e l o c i t y .   As  t h e   f a u c e t   f l o w   is   g r a d u a l l y  

i n c r e a s e d ,   t h e   c o l u m n   of  w a t e r   b e c o m e s  m o r e   c o n t i n u o u s  

b u t   may  s t i l l   b r e a k   u p  i n t o   d r o p s   b e f o r e   r e a c h i n g   t h e  

s i n k   or  d r a i n   s u r f a c e . . I n   t h i s   i n s t a n c e  s p l a s h i n g   w i l l  

s t i l l   o c c u r .   H o w e v e r ,   once   t h e   f a u c e   f l o w   r e a c h e s  t h e  

p r o p e r   r a n g e ,   a  c o n t i n u o u s   s t r e a m   of  w a t e r   w i l l   f a l l  

u n b r o k e n   to   t h e   s u r f a c e   of  t h e   s i n k   and  w i l l   t h e n  

s p r e a d   o u t   e v e n l y  o v e r   a  p o r t i o n  o f   t h a t   s u r f a c e  

w i t h o u t   any  s p l a s h i n g   o c c u r i n g   w h a t s o e v e r .   I f   t h e  

w a t e r   p r e s s u r e   i s   i n c r e a s e d   f u r t h e r ,   s p l a s h i n g   w i l l  

a g a i n   b e g i n  t o   o c c u r .   T h e s e   p h e n o m e n a   h a v e  b e e n  

d e s c r i b e d   i n  m o r e   d e t a i l   p r e v i o u s l y .   The  f i l m   f l o w   i n  

a c c o r d a n c e   w i t h   t h e   p r e s e n t   i n v e n t i o n   i s  s e t   so  as  t o  

be  a n a l o g o u s   to   t h e   f a u c e t   s i t u a t i o n   in  w h i c h   n o  

s p l a s h i n g   o c c u r s .   T h i s   c o n d i t i o n   i s   an  e q u i l i b r i u m  

c o n d i t i o n   in  w h i c h  t h e   s u r f a c e   t e n s i o n  o f   t h e   f a l l i n g  

s t r e a m   is   s u f f i c i e n t   to   h o l d   a l l   p a r t i c l e s   of  t h e  

s t r e a m   t o g e t h e r ,   o v e r c o m i n g   t h e   d i s r u p t i v e   ( s p l a s h i n g )  

f o r c e s   w h i c h   o c c u r s   when  t h e  s t r e a m   i m p i n g e s   u p o n  a  



s u r f a c e   t e r m i n a t i n g   i t s   f a l l .  

I t   s h o u l d   be  n o t e d   t h a t   w h i l e   f a l l i n g   c o l u m n s   o f  

f l u i d   c o u l d   be  used   in  t he   c o n t e n t   of  t he   p r e s e n t  

i n v e n t i o n ,   f a l l i n g   f i l m s   a r e   p r e f e r r e d   b e c a u s e   of  t h e i r  

i n c r e a s e d   s u r f a c e   a r e a   w h i c h   p r o v i d e s   more  r a p i d   a n d  

more  u n i f o r m   h e a t   t r a n s f e r   c h a r a c t e r i s t i c s .  

In  o r d e r   to  m a i n t a i n   t h e   i s o l a t e d   f i l m   58 

c o n t i n u o u s ,   c a r e f u l   f o r m a t i o n   of  t h e   f i l m   and  c a r e f u l  

c o n t r o l   of  i t s   h e i g h t   f o r   v a r y i n g   c i r c u m s t a n c e s   mus t   b e  

m a i n t a i n e d .   The  i s l o l a t e d   f a l l i n g   f i l m   is   in  f a c t   "V" 

s h a p e d   in  t he   s e n s e   t h a t   i t   i s   n a r r o w e r   a t   the   b o t t o m  

t h a n   a t   t h e   t o p .   T h i s   s h a p i n g   i s   c a u s e d   by  s u r f a c e  

t e n s i o n   f o r c e s   a c t n g   on  t h e   i s o l a t e d   f i l m   and  p r o v i d e s  

an  i d e a l   s h a p e   in  t h a t   t h e   f i l m   t e n d s   to   c o n f o r m   to  t h e  

s h a p e   of  t h e   cone  a t   t he   b a s e   of  t he   s t e r i l i z e r .   For  a  

p a r t i c l e   in  t he   m i d d l e   of  t h e   f i l m ,   t h e   s u r f a c e   t e n s i o n  

f o r c e s   a r e   e q u a l   and  o p p o s i t e   on  a l l   s i d e s .   H o w e v e r ,  

f o r   a  p a r t i c l e   a t   t he   edge   of  t he   f i l m ,   t h e   s u r f a c e  

t e n s i o n   f o r c e s   a re   no t   b a l a n c e d   and  t h e   p a r t i c l e s   i n  

t h e   f i l m   a r e   p u l l e d   i n t o   t h e   f i l m ,   r e s u l t i n g   in  a  

c o n f i g u r a t i o n   in  w h i c h   the   e d g e s   of  t h e   f i l m   b e c o m e  

r e l a t i v e l y   t h i n   as  c o m p a r e d   to   t h e   c e n t e r   of  t h e  

f i l m .   In  g e n e r a l ,   t h i s   p r o b l e m   is   n o t   c r i t i c a l ,  

a l t h o u g h   i t   can  be  e l i m i n a t e d   by  f i x i n g   t h i n   r o d s   o r  

w i r e s   ( n o t   shown)  to  t he   e n d s   of  t h e   d i s t r i b u t i o n   h e a d  

54  to   " s t r e t c h "   t he   f i l m   by  b a l a n c i n g   t he   s u r f a c e  

t e n s i o n   f o r c e s .   The  r o d s   a r e   p e r f e r a b l y   f o r m e d   o f  

T e f l o n   to   m i n i m i z e   t h e   c h a n c e   of  f l a v o r   d i s t o r t i o n .  

T h e s e   r o d s   e n g a g e   o n l y   a  t i n y   p o r t i o n   of  e ach   edge   o f  

t he   f a l l i n g   f i l m ,   and  the   f i l m   t h u s   e s s e n t i a l l y   r e t a i n s  

i t s   " i s o l a t e d "   c h a r a c t e r i s t i c s .  

The  h e i g h t   of  the   c o n t i n u o u s ,   i s o l a t e d   f a l l i n g  

f i l m   is   c r i t i c a l .   I f   t he   f i l m   is   t oo   s h o r t ,  

i n s u f f i c i e n t   t ime   w i l l   be  p r o v i d e d   f o r   h e a t   t r a n s f e r  



and  p e n e t r a t i o n  o f   t h e   f i l m ,   b o t h   of  w h i c h   a r e  

n e c e s s a r y   f o r   c o m p l e t e   s t e r i l i z a t i o n   of  t h e   m a t e r i a l  

b e i n g   p r o c e s s e d .   I f ,   on  t h e   o t h e r   h a n d ,   t he   f i l m   i s  

t o o   l o n g ,   t h e   f i l m   w i l l   b e c o m e   e x c e s s i v e l y   t h i n   b e c a u s e  

of  i t s   c o n t i n u e d   a c c e l e r a t i o n   due  to  t h e   f o r c e   o f  

g r a v i t y ,   and  w i l l   b e g i n   t o  b r e a k   up  c a u s i n g   s p l a s h i n g  

and  o t h e r   u n d e s i r a b l e   e f f e c t s .   Fo r   e x a m p l e ,   a  f i l m  

w i t h   an  i n i t i a l   t h i c k n e s s   of   0 . 0 4 0   i n c h e s   and  an  i n i t a l  

v e l o c i t y   of  2  f e e t   p e r   s e c o n d   w i l l   have   t he   t h i c k n e s s  

to  h e i g h t   r e l a t i o n s h i p s   as  shown  in  TABLE  2  b e l o w .  

For  mos t   p r o d u c t s   t h e   o p t i m u n   h e i g h t   o f  t h e   f a l l i n g  

f i l m   l i e s   w i t h i n   t h e   r a n g e  b e t w e e n   one  a n d  t h r e e  

f e e t .   F i l m s   w i t h i n   t h i s   h e i g h t   r a n g e   can   be  m a i n t a i n e d  

c o n t i n u o u s   and  s p l a s h   f r e e ,   p r o v i d i n g   s u f f i c i e n t  

p r o d u c t   e x p o s u r e   t i m e   f o r   a d e q u a t e   h e a t   t r e a t m e n t .  

I t   s h o u l d  b e   n o t e d   t h a t   i n  t h e  c a s e   of  t he   p r e s e n t  

i n v e n t i o n ,   t h e   s u r f a c e   upon  w h i c h   t h e   f a l l i n g   f i l m   58  

i m p i n g e s   i s   t h e   c o n i c a l   s u r f a c e  1 8 0   w h i c h   is   i n c l i n e d  

t o w a r d   t he   c e n t r a l l y   p o s i t i o n e d   o u t l e t   p i p e   182 .   T h e  

i n c l i n a t i o n   of  t h e   c o n i c a l   s u r f a c e   s e r v e s   to   r e d u c e   t h e  

a n g l e   of  i m p a c t   of   t h e  f a l l i n g   f i l m   5 8 ,  a n d   t h u s  

f u r t h e r   r e d u c e s  t h e   l i k e l i h o o d   of  s p l a s h i n g ,   as  w e l l   a s  



f u r t h e r   r e d u c i n g   t h e   o v e r a l l   p h y s i c a l   a g i t a t i o n   of  t h e  

f a l l i n g   f i l m   as  i t s   d i r e c t i o n   of  m o t i o n   is   c h a n g e d   b y  

i m p i n g e m e n t   upon   t h e   c o n i c a l   s e c t i o n   180.   The  same  i s  

t r u e   when  t h e   T e f l o n   cone   192  is   u s e d .  

S u m m a r i z i n g   t h e   f o r e g o i n g   d i s c l o s u r e ,   t he   p r e s e n t  

i n v e n t i o n   r e l i e s   on  a  number   of  f a c t o r s   in  s u p p l y i n g  

t he   f l u e n t   m a t e r i a l   to   be  p r o c e s s e d   to  t h e  

s t e r i l i z a t i o n   c h a m b e r   176 .   S p e c i f i c a l l y ,   a  u n i q u e   f i l m  

f o r m i n g   head   s t r u c t u r e   is   u sed   to  form  a  c o n t i n u o u s  

f l u i d   f i l m .   The  h e i g h t   of  t h i s   f i l m   is   c a r e f u l l y  

s e l e c t e d   to  m a i n t a i n   t h e   f i l m   c o n t i n u o u s   and  to  p r o v i d e  

s u f f i c i e n t   t i m e   f o r   t h o r o u g h   h e a t i n g   to  o c c u r .   T h e  

f l o w   r a t e   of  t h e   f a l l i n g   p r o d u c t   is  a l s o   c a r e f u l l y  

s e l e c t e d   so  t h a t   t h e   f a l l i n g   f i l m   is   m a i n t a i n e d  

c o n t i n u o u s   and  so  t h a t   no  s p l a s h i n g   o c c u r s .   T h e s e  

a r r a n g e m e n t s   make  p o s s i b l e   t he   r e l i a b l e   f o r m a t i o n   a n d  

c o n t i n u o u s   e x i s t e n c e   of  an  i s o l a t e d   f i l m   wh ich   i s   n o t  

g u i d e d   by  any  m e c h a n i c a l   s t r u c t u r e ,   bu t   e x i s t s  

i n d e p e n d e n t l y   in  s p a c e   f o r   a  s e l e c t e d   i n t e r v a l   of  t i m e .  

A n o t h e r   a s p e c t   of  t h e   p r e s e n t   i n v e n t i o n   is   t h e  

m e t h o d   and  a p p a r a t u s   f o r   d i r e c t l y   a p p l y i n g   h e a t   t o  

f l u e n t   food   p r o d u c t s   or  o t h e r   l i q u i d s .   The  c o n c e p t   o f  

d i r e c t   h e a t i n g   means   t h a t   a  h e a t e d   g a s ,   such  as  s t e a m ,  

d i r e c t l y   c o n t a c t s   t h e   f l u e n t   food   p r o d u c t   m a t e r i a l  

w i t h o u t   need  f o r   any  t y p e   of  m e c h a n i c a l   or  s t r u c t u r a l  

h e a t   t r a n s f e r   m e c h a n i s m .   In  t he   c a s e   of  d a i r y  

p r o d u c t s ,   s t e a m   has   b e e n   f o u n d   to  be  t he   most   e f f i c i e n t  

medium  f o r   s u p p l y i n g   h e a t   to  the   c o n t i n u o u s ,   i s o l a t e d  

f a l l i n g   f i l m s   p r e v i o u s l y   d i s c l o s e d .   S i n c e   the   h e a t i n g  

medium  is  a  f a c t o r   of  c o n s i d e r a b l e   i m p o r t a n c e   i n  

a t t a i n i n g   the   i n t e n d e d   g o a l s   of  t he   p r e s e n t   i n v e n t i o n ,  

s t e a m   p a r a m e t e r s   and  f l o w   h a n d l i n g   a r e   of  s u b s t a n t i a l  

i m p o r t a n c e   to  t h e   p r o p e r   o p e r a t i o n   of  the   i n v e n t i o n .  

With   d i a r y   p r o d u c t s   t h e   s t e a m   u t i l i z e d   must   be  c u l i n a r y  



( p u r i f i e d )   a n d  f u l l y   s a t u r a t e d   w i t h   no  a i r   o r   o t h e r  

n o n - c o n d e n s a b l e s   c o n t a i n e d   in  i t .   S u c h  s t e a m   can   b e  

p r o d u c e d   by  c o n v e n t i o n a l   t e c h n q i u e s .   F u r t h e r m o r e ,   t h e  

s t e a m   m u s t   be  m a i n t a i n e d   a t   a  s u i t a b l e   t e m p e r a t u r e   i n  

t he   r a n g e   of   b e t w e e n   285  and  3 2 0 ° F  t o   p e r m i t   h e a t i n g   o f  

t h e   f l u e n t   f o o d  m a t e r i a l   t o  t h e   p r o p e r   t e m p e r a t u r e  

r a n g e   of  b e t w e e n   2 8 0  a n d   3 1 0 ° F .   S t e a m   p r e s s u r e   in   t h e  

r a n g e   f r o m   4 0  -   7 0  p s i g   h a s  a l s o  b e e n  f o u n d   to   b e  

s u f f i c i e n t .   The  r a t e   a t   w h i c h   s t e a m   i s  s u p p l i e d   to   t h e  

s t e r i l i z a t i o n   c h a m b e r   176  i s   a l s o   a  m a t t e r  o f  

c o n s i d e r a b l e   i m p o r t a n c e   b e c a u s e   t h e   v o l u m e   of   s t e a m  

d e t e r m i n e s   t h e   a m o u n t   of  h e a t   d e l i v e r e d   to   t h e  

s t e r i l i z a t i o n   c h a m b e r .   S i n c e   h e a t   is   c o n t i n u o u s l y  

b e i n g   a b s o r b e d   by  t h e   f a l l i n g   i s o l a t e d   p r o d u c t   f i l m ,  

a d d i t i o n a l   h e a t   m u s t  b e   c o n t i n u o u s l y   s u p p l i e d   in   t h e  

fo rm  of   more   s t e a m .   I t   h a s   been   f o u n d   t h a t   t h e  

a p p r o x i m a t e   n o m i n a l   s t e a m   f l o w   r a t e   f o r   a  s t e r i l i z e r  

p r o d u c i n g   1 2 , 0 0 0   q u a r t s   p e r  h o u r   of  p r o d u c t   w o u l d   b e  

3 , 7 5 0   p o u n d s   or  2 4 , 7 7 5   c u b i c   f e e t  p e r   h o u r   to   r a i s e   t h e  

t e m p e r a t u r e   of  m i l k   f rom  150°F   to   3 0 0 ° F .   N a t u r a l l y   a  

r a n g e   of   v a r i a t i o n   in  t h e s e   v a l u e s   i s   p e r m i s s i b l e ,  

a l t h o u g h   t h e y   d e t e r m i n e   an  a p p r o x i m a t e   o p t i m u m  

o p e r a t i n g   p o i n t .   For   s t e r i l i z i n g   s y s t e m s   of  d i f f e r e n t  

f l o w   r a t e s   or   t e m p e r a t u r e   r a n g e s ,   t h e   s t e a m   s u p p l y   c a n  

be  a p p r o p r i a t e l y   s c a l e d  t o  d e l i v e r   a  s u f f i c i e n t  

q u a n t i t y   of  h e a t  t o  t h e   a p p a r a t u s .  

B e c a u s e   of  t h e   need   to  m a i n t a i n   t h e  i s o l a t e d   f i l m  

5 8 .  c o n t i n u o u s   and  u n b r o k e n   by  any  f o r m  o f   t u r b u l e n c e  

w i t h i n   t h e   s t e r i l i z a t i o n  c h a m b e r ,   t h e   p h y s i c a l   h a n d l i n g  

of  t h e   a p p l i e d   s t e a m   is   a l s o   a  m a t t e r   o f  c o n s i d e r a b l e  

i m p o r t a n c e .   To  s u p p l y   a  s u f f i c i e n t  v o l u m e   of  s t e a m   t o  

t h e   a p p a r a t u s ,   i t   ha s   been   f o u n d   t h a t   r e l a t i v e l y   h i g h  

f l o w   r a t e s  a r e   n o t   o f t e n   n e c e s s a r y ,   f o r   e x a m p l e   on  t h e  

o r d e r   of  7  c u b i c   f t .   p e r   s e c o n d .   U n l e s s   t h i s   f l o w   i s  



p r o p e r l y   d i s t r i b u t e d ,   s t e a m   v e l o c i t i e s   in  e x c e s s   of  1 0 0  

f t .   p e r   s e c o n d   w o u l d   r e s u l t .   S team  s u p p l i e d   d i r e c t l y  

to  t he   s t e r i l i z a t i o n   c h a m b e r   a t   t h i s   v e l o c i t y   w o u l d ,   o f  

c o u r s e ,   t o t a l l y   d i s r u p t   t he   s m o o t h   f l o w   of  t h e  

c o n t i n u o u s   f i l m s   w i t h i n ' t h e   s t e r i l i z a i t o n   c h a m b e r ,   t h u s  

r e n d e r i n g   t h e   i n v e n t i o n   i n o p e r a t i v e   s i n c e   t h e   e x c e s s i v e  

t u r b u l e n c e   p r o d u c e d   wou ld   c a u s e   s u b s t a n t i a l   f l a v o r  

d i s t o r t i o n   f o r   r e a s o n s   a l r e a d y   m e n t i o n e d .   A c c o r d i n g l y  

the   s t e a m   f l o w   w i t h i n   t he   s t e r i l i z a t i o n   c h a m b e r   1 7 6  

mus t   be  c a r e f u l l y   c o n t r o l l e d .  

In  f a c t ,   s t e a m   mus t   be  b r o u g h t   in  w i t h   as  low  a  

v e l o c i t y   as  p o s s i b l e .   I t   was  f o u n d   e x p e r i m e n t a l l y   t h a t  

f o r   m i l k   a  s t e a m   v e l o c i t y   a b o v e   5  f . p . s .   c a u s e s  

b r e a k i n g   up  to   t he   f a l l i n g   f i l m .   For  o t h e r   p r o d u c t s  

the   maximum  s t e a m   v e l o c i t y   wou ld   d e p e n d   upon  p r o d u c t  

v i s c o c i t y   and  f i l m   t h i c k n e s s .  

I t   i s   i n t e r e s t i n g   to  n o t e   t h a t   the   m a x i m u m  

p e r m i s s i b l e   s t e a m   v e l o c i t y   p r o v i d e s   a  mimimum  s i z e  

( e . g . ,   d i a m e t e r )   c r i t e r i o n   f o r   t he   s t e r i l i z e r   176 .   F o r  

e x a m p l e ,   a  1 2 , 0 0 0   g . p . h .   s t e r i l i z e r   r e q u i r e s   7  c u b i c  

f e e t   of  s t e a m   p e r   s e c o n d .   I f   t he   s t e a m   is   p e r f e c t l y  

d i s t r i b u t e d ,   t he   s t e r i l i z e r   mus t   have   a  m i n i m u m  

i n t e r i o r   c r o s s   s e c t i o n a l   a r e a   of  1 .4   s q a r e   f e e t  

e q u i v a l e n t   to   a  d i a m e t e r   of  1 . 3 4   f e e t .   A  s a f e t l y  

f a c t o r   of  2  y i e l d s   a  d i a m e t e r   of  a p p r o x i m a t e l y   2 . 5  

f e e t ,   w h i c h   has   p r o v e n   to   be  a  s u i t a b l e   s i z e   i n  

p r a c t i c e .  

In  t h e   a p p a r a t u s   shown  in  F i g u r e   14,   s a t u r a t e d  

s t e a m   a t   t h e   t e m p e r a t u r e s   and  p r e s s u r e s   p r e v i o u s l y  

d e s c r i b e d   i s   a p p l i e d   t h r o u g h   s t e a m   s u p p l y   p i p e   196  to  a  

v e r t i c a l   b a f f l e   198  w h i c h   s u r r o u n d s   the   p e r i m e t e r   o f  

the   s t e r i l i z a t i o n   c h a m b e r   176 .   The  b a f f l e   198  i s  

c o u p l e d   to   t he   i n t e r i o r   s u r f a c e   of  t he   s t e r i l i z a t i o n  

c h a m b e r   176  a t   i t s   l o w e r   end  200 ,   and  is   so  s h a p e d   a s  



to   p r o v i d e   an  u p w a r d l y   d i r e c t e d   c h a n n e l   202  f o r   a l l  

s t e a m   e n t e r i n g   t h r o u g h   t he   s t e a m   s u p p l y   p i p e  1 9 6 .   T h u s  

t h e   v e l o c i t y   of  t he   i n c o m i n g   s t e a m   c a u s e s   i t   to   i m p i n g e  

upon   t h e   a d j a c e n t   s u r f a c e   of  t h e   v e r t i c a l   b a f f l e   1 9 8  

and  to   be  s u b s e q u e n t l y   d i r e c t e d   s t r a i g h t   u p w a r d l y  

t h r o u g h   c h a n n e l   202  a l o n g   t h e   o u t e r   w a l l  o f   t h e  

s t e r i l i z a t i o n   c h a m b e r .   S t e a m   f l o w   i s   i l l u s t r a t e d   i n  

F i g .   15  b y  s m a l l   a r r o w s .   As  shown  in  t h i s   F i g u r e ,   t h e  

i n c o m i n g   s t e a m   f l o w s   up  t h e   s t e a m   c h a n n e l   202  t h r o u g h  

t h e   o p e n   u p p e r   end  204  o f  t h e   v e r t i c a l   b a f f l e   198  a n d  

i n t o   a  s t e a m   c i r c u l a i t o n   c h a m b e r   206  f o r m e d  b e t w e e n  a  

r e m o v a b l e   s t e r i l i z a t i o n   c h a m b e r   l i d   208  and  a  s t e a m  

d i s t r i b u t i o n   p l a t e   210 ,   shown  i n  m o r e   d e t a i l   in  F i g .  

16 .   I t   i s   n o t e d   t h a t  t h e   l i d  2 0 8   m a y  b e   c o n s t r u c t e d  

s i m i l a r   t o   t h e   e q u i v a l e n t   s t r u c t u r e  s h o w n   in  t h e  

p r e v i o u s l y   r e f e r e n c e d   D a v i e s   p a t e n t .  

The  i n c o m i n g   s t e a m   l o s e s   m u c h  o f   i t s   d i r e c t i o n a l  

v e l o c i t y   in   p a s s i n g   t h r o u g h   t h e   s t e a m   c h a n n e l   202  a n d  

e n t e r i n g   t h e   c i r c u l a t i o n   c h a m b e r  2 0 8 .   The  s t e a m  

d i s t r i b u t i o n   p l a t e   2 1 0  p r o v i d e s  t h e   f i n a l   r e d u c t i o n   i n  

v e l o c i t y   n e c e s s a r y   to   s low  t h e   s t e a m  t o   a  n o n -  

d i s r u p t i v e   s p e e d   a n d  a l s o   d i s t r i b u t e s   and  d i r e c t s   t h e  

s t e a m   in  a  d i r e c t i o n   p a r a l l e l   to   t h e  f a l l i n g   f i l m s   t o  

m i n i m i z e  i t s   d i s t u r b i n g   e f f e c t   on  t h e   f a l l i n g   f i l m s   58  

w h i l e   s i m u l t a n e o u s l y   m a x i m i z i n g   a b s o r p t i o n   i n t o   t h e  

f a l l i n g   f i l m s .   As  shown  i n  F i g s .  1 5  a n d   16 ,   t h e   p l a t e  

210  i s   p r e f e r a b l y   c i r c u l a r ,   h a v i n g  a   d i a m e t e r   w h i c h  

a l l o w s   i t   to   c o v e r   t he   e n t i r e   a r e a   of  t h e   s t e r i l i z a t i n  

c h a m b e r   i n s i d e   t h e  v e r t i c a l   b a f f l e   198 .   Thus  the   p l a t e  

210  m e e t s   t h e  u p p e r  e n d   2 0 4  o f   t h e   v e r t i c a l   b a f f l e  

198 .   The  p l a t e   210  i s   p r e f e r a b l y  s e c u r e d   t o  l i d   208  b y  

c o n v e n t i o n a l   m o u n t i n g   member s   2 1 2 .  

The  p l a t e   210  may  be  d i v i d e d   i n t o   two  e q u a l   h a l v e s  

214  and  216  to   p e r m i t   e a s e   o f   i n s t a l l a t i o n   a n d  



r e m o v a l .   A  p l u r a l i t y   of  f e e d p i p e   a p e r t u r e s   218  a r e  

p r o v i d e d   a l o n g   the   c e n t e r   l i n e   w h e r e   t he   two  h a l v e s   2 1 4  

and  216  of  t h e   p l a t e   210  a r e   j o i n e d   to  p e r m i t   t h e  

f e e d p i p e s   52  to  p a s s   t h r o u g h   t he   d i s t r i b u t i o n   p l a t e   2 1 0  

to  s u p p l y   p r o d u c t   to  t he   f i l m   f o r m i n g   h e a d s   54.  S t e a m  

d i s t r i b u t i o n   a p e r t u r e s   a r e   d r i l l e d   t h r o u g h   t h e  

d i s t r i b u t i o n   p l a t e   210  in  rows  222.   Each  row  has   f e w e r  

h o l e s   in  t h e   c e n t e r   t h a n   t he   e n d s   s i n c e   s t e a m   p r e s s u r e  
in  t h e   c e n t e r   is   a  maximum,  the   same  c o n c e p t   is   a l r e a d y  

d e s c r i b e d   w i t h   r e s p e c t   to   t he   d i s t r i b u t i o n   a p p a r a t u s   i n  

t h e   f i l m   f o r m i n g   h e a d s   shown  in  FIGS.   6 - 1 0 .   T h e  

a p e r t u r e s   220  may,  f o r   e x a m p l e ,   be  s m a l l   h o l e s   h a v i n g   a  

t y p i c a l   d i a m e t e r   of  a p p r o x i m a t e l y   o n e - q u a r t e r   i n c h   a n d  

d i s t r i b u t e d   in  such   a  way  as  to   p e r m i t   a  u n i f o r m   b u t  

low  v e l o c i t y   d i f f u s i o n   of  s t e a m   f rom  t he   c i r c u l a t i o n  

c h a m b e r   206  i n t o   t he   r e g i o n   of  t he   s t e r i l i z a t i o n  

c h a m b e r   t h r o u g h   wh ich   the   f i l m s   58  f a l l .   The  rows  2 2 2  

of  a p e r t u r e s   a r e   a l i g n e d   p a r a l l e l   to   t he   f i l m   f o r m i n g  

h e a d s   54 ,   and  t h u s   p a r a l l e l   to  t h e   f a l l i n g   f i l m s   5 8 .  

A c c o r d i n g l y ,   as  shown  in  F i g u r e   15 ,   s t e a m   p a s s i n g  

t h r o u g h   t h e   a p e r t u r e s   220  form  a  c u r t a i n   on  e i t h e r   s i d e  

of  t h e   f a l l i n g   f i l m s   58,  w h i l e   a t   t he   same  t i m e  

r e d u c i n g   to   an  a b s o l u t e   minimum  any  d i s t u r b i n g  

i n f l u e n c e   t h a t   t he   f l o w i n g   s t e a m   m i g h t   have   on  t h e  

f a l l i n g   f i l m s .   As  a  r e s u l t   a l m o s t   no  t u r b u l e n c e   i s  

e x p e r i e n c e d   by  t he   f a l l i n g   i s o l a t e d   f i l m s   48 ,   w h i l e   t h e  

f i l m s   a r e   r a p i d l y   h e a t e d   to  t he   d e s i r e d   s t e r i l i z a t i o n  

t e m p e r a t u r e   by  a b s o r p t i o n   of  t he   s t e a m   c u r t a i n s .  

A c t u a l   h e a t i n g   of  t h e   f a l l i n g   i s o l a t e d   f i l m   58 

o c c u r s   v e r y   r a p i d l y   due  to   d i r e c t   a b s o r p t i o n   of  h e a t e d  

s t e a m   by  t h e   p r o d u c t   b e i n g   p r o c e s s e d .   T h u s ,   a  

s u b s t a n t i a l   amoun t   of  h e a t   ( i . e .   t he   h e a t   o f  

c o n d e n s a t i o n )   is  r e l e a s e d   by  the   s t e a m   and  t r a n s f e r r e d  

to   t h e   p r o d u c t   c a u s i n g   a  r a p i d   t e m p e r a t u r e   i n c r e a s e   i n  



t h e   p r o d u c t .   The  a d d i t i o n a l   w a t e r   a d d e d   to   t he   p r o d u c t  

by  a b s o r p t i o n   of  t h e  s a t u r a t e d   s t e a m   is   s u b s e q u e n t l y  

r e m o v e d   f rom  t h e   p r o d u c t   in  t he   f l a s h   c o o l i n g   s t e p   t o  

be  d e s c r i b e d   s u b s e q u e n t l y .  

I t   is   n o t e d   t h a t   s a t u r a t e d   s t e a m   i s   t he   s u g g e s t e d  

h e a t i n g   medium  f o r   use  w i t h   d a i r y   p r o d u c t s   s u c h   a s  

m i l k ,   in  v iew  of  t h e   need   to   o b t a i n   a  t e m p e r a t u r e   o n  

t he   o r d e r   of  3 0 0 ° F .   H o w e v e r ,   o t h e r   f l u e n t   p r o d u c t s   c a n  

be  t r e a t e d   in  t he   s y s t e m   a t   w h a t e v e r   t e m p e r a t u r e s   a r e  

r e q u i r e d .   In  t h i s   r e s p e c t ,   i t   i s   n o t e d   t h a t   t h e   s y s t e m  

p r o v i d e s   a  u n i q u e   a d v a n t a g e   in  t h a t   t h e   h e a t   t r e a t m e n t  

t e m p e r a t u r e   can  be  c o n t r o l l e d   to  a  h i g h   d e g r e e   o f  

a c c u r a c y   h e r e t o f o r e   no t   p o s s i b l e .   S t e a m  o r   o t h e r   g a s e s  

can  be  used   f o r   h i g h   t e m p e r a t u r e s  w h i l e   h e a t e d   a i r   a n d  

s t e a m   can  be  u s e d   a t   t e m p e r a t u r e   of  200°F   and  b e l o w .  

A t t e n t i o n   i s   now  d i r e c t e d   to   F i g u r e   23  w h i c h   i s  

s o m e w h a t   s i m i l a r   to   F i g u r e   1  in  t h a t   i t   i l l u s t r a t e s   a  

p a r t i a l   s y s t e m   i n c l u d i n g   t he   s t e r i l i z a t i o n   c h a m b e r   o f  

s t e r i l i z e r   176  c o u p l e d   to   a  v a c u u m   c h a m b e r   224  by  m e a n s  

of  a  h o l d i n g   t u b e   226.   I t   i s   n o t e d   t h a t   in  o p e r a t i o n  

t h e   s t e r i l i z e r   176  s h o u l d   be  p l a c e d   a d j a c e n t   to  t h e  

vacuum  c h a m b e r   224  so  t h a t   a  m i n i m a l   l e n g t h   h o l d i n g  

t u b e   can  be  u s e d .   In  a d d i t i o n , t h e   i n l e t   to  t h e   v a c u u m  

c h a m b e r   s h o u l d   be  a t   l e a s t   two  f e e t   h i g h e r   t h a n   t h e  

p r o d u c t   o u t l e t   182  a t   t h e   b a s e   of   t h e   s t e r i l i z e r   t o  

p r o v i d e   a  p r o p e r   p r o d u c t   f l o w .   A  s i g h t   g l a s s   228  i s  

shown  l o c a t e d   a t   a p p r o x i m a t e l y   t h e   c e n t e r   of  t h e .  

s t e r i l i z e r   176 .   The  d e t a i l s   of  t h e   s i g h t   g l a s s   a r e  

shown  i n  F i g u r e   14  as  i n c l u d i n g   a  s m a l l   h i g h - i n t e n s i t y  

lamp  230,   a  P l e x i - g l a s s   s h i e l d   232  and  a  p r e s s u r e - t i g h t  

m o u n t i n g   s t r u c t u r e   234.   The  s i g h t   g l a s s   i s   l o c a t e d   t o  

p e r m i t   t he   o p e r a t o r   of  t he   s y s t e m   to  c h e c k   p r o d u c t  

f l o w ,   s y s t e m   o p e r a b i l i t y ,   f i l m   f o r m a t i o n ,   and  l i q u i d  

l e v e l .  



A l t h o u g h   o n l y   one  s t e a m   i n l e t   is  shown  in  t h e  

a p p a r a t u s   of  FIGURE  14,   t h e   s y s t e m   p r e f e r a b l y   i n c l u d e s  

two  s t e a m   i n l e t s   196  p o s i t i o n e d   on  o p p o s i t e   s i d e s   o f  

the   s t e r i l i z e r   176 ,   as  i l l u s t r a t e d   in  FIGURE  17.   T h e  

two  s t e a m   i n l e t s   a r e   fed   by  a  common  c u l i n a r y   s t e a m  

l i n e   w h i c h   d e l i v e r s   e q u a l   v o l u m e s   of  s t e a m   to  b o t h  

i n l e t s   196 .   T h i s   l i n e   i s   s i z e d   to  d e l i v e r   p r o p e r l y  

f i l t e r e d   c u l i n a r y   s t e a m   to  t he   s t e r i l i z e r   a t   a n  

a p p r o p r i a t e   p r e s s u r e ,   such   as  75  p s i .  

S t e a m   f l o w   i n t o   t he   s t e r i l i z e r   is   c o n t r o l l e d   by  a  

c o n v e n t i o n a l   s t e a m   c o n t r o l   v a l v e   236 ,   s u c h   as  a  F o x b o r o  

Model   V1400UE,   wh ich   is   in  t u r n   c o n t r o l l e d   by  a  

t e m p e r a t u r e - p r e s s u r e   c a s c a d e   l o o p ,   to  be  d e s c r i b e d   i n  

more  d e t a i l .   A  p r o d u c t   t e m p e r a t u r e   s e n s o r   2 4 2 ,   l o c a t e d  

n e a r   t he   end  of  h o l d i n g   t u b e   226 ,   s e n s e s   t h e   p r o d u c t  

t e m p e r a t u r e .   A  s i g n a l   r e p r e s e n t i n g   t h i s   t e m p e r a t u r e   i s  

a p p l i e d   v i a   a  l i n e   265  to  a  f i r s t   c o n t r o l l e r - r e c o r d e r  

243 ,   s u c h   as  a  c o n v e n t i o n a l   F o x b o r o   Model   44 /BP  u n i t .  

T h i s   u n i t   i n c l u d e s   an  a d j u s t a b l e   s e t   p o i n t   r e f e r e n c e  

245  w h i c h   i s   i n i t i a l l y   s e t   ( m a n u a l l y ,   f o r   e x a m p l e )   t o  

the   d e s i r e d   p r o d u c t   s t e r i l i z i n g   t e m p e r a t u r e   of  t h e  

s y s t e m .   The  o u t p u t   of  t h e   c o n t r o l l e r   r e c o r d e r   143  i s  

an  e r r o r   s i g n a l   r e p r e s e n t i n g   t h e   d i f f e r e n c e   b e t w e e n   t h e  

s e t   p o i n t   t e m p e r a t u r e   and  t h e   a c t u a l   t e m p e r a t u r e  

m e a s u r e d   by  t he   s e n s o r   242 .   T h i s   o u t p u t   s i g n a l   i s  

a p p l i e d   to   a  s e c o n d   c o n v e n t i o n a l   c o n t r o l l e r   r e c o r d e r  

247 ,   p r e f e r a b l y   i d e n t i c a l   to  t he   u n i t   243 ,   s e r v i n g   a s  

t h e   s e t   p o i n t   i n p u t   t h e r e o f .   The  s e c o n d   c o n t r o l l e r  

r e c o r d e r   may  be  c h a r a c t e r i z e d   as  a  p r e s s u r e   c o n t r o l l e r  

w h i l e   t h e   f i r s t   may  be  c h a r a c t e r i z e d   as  a  t e m p e r a t u r e  

c o n t r o l l e r .  

A  c o n v e n t i o n a l   p r e s s u r e   p r o b e   238  m o n i t o r s   t h e  

s t e a m   p r e s s u r e   d e l i v e r e d   to  t h e   s t e r i l i z e r   and  a p p l i e s  

a  c o r r e s p o n d i n g   s i g n a l   to   t he   s e c o n d   c o n t r o l l e r  



r e c o r d e r   247  as  an  i n p u t   t h e r e t o .   An  e r r o r   s i g n a l  

r e p r e s e n t i n g   t h e   d i f f e r e n c e   b e t w e e n   t h e   p r e s s u r e   s i g n a l  

on  l i n e   240  and  t h e   o u t p u t   of  c o n t r o l l e r   r e c o r d e r   2 4 3  

i s   p r o d u c e d   by  c o n t r o l l e r   247  and  a p p l i e d   v i a   a  l i n e  

249  to   t h e   v a l v e   236  t o ' r e g u l a t e   s t e a m   f l o w   i n t o   t h e  

s t e r i l i z e r .  

The  i l l u s t r a t e d   s y s t e m   u t i l i z i n g   t w o  c a s c a d e d  

c o n t r o l l e r   r e c o r d e r s   e l i m i n a t e s   i n s t a b i l i t i e s   t h a t  

o c c u r   i f   o n l y   one   c o n t r o l l e r   i s   u s e d .   As  a n  

a l t e r n a t i v e   to  t h e   i l l u s t r a t e d   s y s t e m ,   t h e  d e s i r e d  

s t e r i l i z i n g   s t e a m   p r e s s u r e   c a n  b e   u s e d  a s   t h e   s e t   p o i n t  

r e f e r e n c e   245  and  t h e   p r e s s u r e   s i g n a l   on  l i n e   240  c a n  

be  s u p p l i e d   to   t h e   f i r s t   c o n t r o l l e r  2 4 3 ,   w h i l e   t h e  

t e m p e r a t u r e  s i g n a l   o n  l i n e   265  c a n   b e  s u p p l i e d   to   t h e  

s e c o n d   c o n t r o l l e r   247 .   T h i s   a r r a n g e m e n t   w o r k s  e q u a l l y  

w e l l .  

I f   t he   l o w e r   c o n i c a l   s e c t i o n  1 8 0   o f  t h e   s t e r i l i z e r  

is   to   be  a i r   c o o l e d ,   a  l o w - p r e s s u r e   f e e d  o f   a m b i e n t  

t e m p e r a t u r e  a i r   i s   s u p p l i e d   to   t h e   i n l e t  1 8 8   t h r o u g h  

c o n v e n t i o n a l   e q u i p m e n t   i n c l u d i n g   a  p r e s s u r e   r e g u l a t o r  

2 4 4 ,   a  p r e s s u r e   g a u g e   2 4 6 ,   and  a  r e m o t e   c o n t r o l   v a l v e  

248 .   The  c o o l i n g   a i r   s u p p l y  m a y   be  r e p l a c e d   by  a  

c o o l i n g   w a t e r   s u p p l y   w i t h   e q u i v a l e n t   r e g u l a t o r y  

c o m p o n e n t s   d e s i g n e d   f o r   h a n d l i n g   w a t e r   f l o w .  

S i m i l a r l y ,   as  m e n t i o n e d   e a r l i e r ,   t h e   u s e  o f   a  T e f l o n  

cone   192  i n s i d e   t h e   c o n i c a l  r e g i o n   180  can  e l i m i n a t e  

t h e . n e e d   f o r   t h e   a i r  o r   w a t e r  c o o l i n g   n e t w o r k .  

An  a d d i t i o n a l   a i r   s u p p l y   i s   u s e d   to   f o r c e   l i q u i d  

t h r o u g h   t he   h o l d i n g   t u b e   226  and  t h e   r e s t  o f   t h e   s y s t e m  

d u r i n g   c l e a n i n g   or   d u r i n g   c o o l i n g   d o w n  o f   t he   s y s t e m  

when  s t e a m   is   n o t   b e i n g  u s e d .   T h i s   s u p p l y   may  be  a  

c o n v e n t i o n a l   o n e - h a l f   i n c h  a i r   l i n e   250 .   T h i s   a i r  

i n l e t   can  be  j o i n e d   to   t h e  s t e a m  i n l e t   l i n e   196  a t   a n y  

p o i n t   b e t w e e n   t h e  s t e a m   c o n t r o l   v a l v e   2 3 6  a n d   t h e  



276  is   e s t a b l i s h e d   e x p e r i m e n t a l l y   by  o p e r a t i n g   t h e  

s y s t e m   a t   d i f f e r e n t   known  f l ow  r a t e s   and  o b s e r v i n g   t h e  

l i q u i d   l e v e l   in  t he   s t e r i l i z e r   a f t e r   t h e   s y s t e m   h a s  

s t a b i l i z e d .   For  a  f l o w   r a t e   of  3 , 0 0 0   g a l l o n s   p e r   h o u r ,  

f o r   e x a m p l e ,   an  o r i f i c e . o f   a p p r o x i m a t e l y   one  i n c h   i s  

u s e d .   S i m i l a r l y ,   f o r   a  f low  r a t e   of  600  g a l l o n s   p e r  
h o u r ,   an  o r i f i c e   of  a p p r o x i m a t e l y   3 /8   i n c h   i s   u s e d .  

The  p r o p e r   s i z e   o r i f i c e   w i l l   m a i n t a i n   a  c o n s t a n t  

p r o d u c t   l e v e l   a t   t h e   b o t t o m   of  t he   s t e r i l i z e r   in  t h e  

o u t l e t   p i p e   182 .   S i n c e   the   f low  r a t e   of  a  l i q u i d  

t h r o u g h   an  o r i f i c e   is   e f f e c t e d   by  i t s   s p e c i f i c   g r a v i t y ,  

t he   l i q u i d   l e v e l   in  t he   o u t l e t   p i p e   182  of  t h e  

s t e r i l i z e r   w i l l   c h a n g e   s l i g h t l y   i f   t he   s p e c i f i c   g r a v i t y  

of  t h e   l i q u i d   c h a n g e s .   T h e r e f o r e   a  s u p p l y   of  v a r i o u s l y  

s i z e d   o r i f i c e s   w i l l   be  r e q u i r e d   i f   p r o d u c t s   w i t h   w i d e l y  

d i f f e r i n g   s p e c i f i c   g r a v i t i e s   a re   to  be  p r o c e s s e d   in  t h e  

s y s t e m   at   a  c o n s t a n t   f l ow  r a t e .  

I t   i s   n o t e d   t h a t   t he   t e m p e r a t u r e   s e n s o r   242  i s  

u s e d   in  c o n j u n c t i o n   w i t h   t he   c o n t r o l l e r   r e c o r d e r   243  t o  

r e c o r d   t h e   l e g a l   h o l d i n g   t u b e   t e m p e r a t u r e   and  t o  

a c t i v a t e   a  f l o w   d i v e r s i o n   v a l v e   ( d e s c r i b e d   in  t h e  

d i s c u s s i o n   of  FIGURE  1 8 ) ,   l o c a t e d   e l s e w h e r e   in  t h e  

p r o c e s s i n g   s y s t e m   i f   l e g a l   t e m p e r a t u r e s   a r e   n o t  

m a i n t a i n e d .   A n o t h e r   h e a t   s e n s o r   282 ,   w h i c h   i s   a n  

i n d i c a t i n g   t h e r m o m e t e r ,   i s   p o s i t i o n e d   a d j a c e n t   to   t h e  

end  of  t h e   h o l d i n g   t u b e   f o r   s e n s i n g   t h e   p r o d u c t  

s t e r i l i z a t i o n   t e m p e r a t u r e   and  can  be  v i s u a l l y   c h e c k e d .  

In  t he   vacuum  c h a m b e r   224 ,   t he   t e m p e r a t u r e   of  t h e  

m i l k   is   v i r t u a l l y   i n s t a n t a n e o u s l y   l o w e r e d   to  a b o u t  

160°F   a t   a  vacuum  of  a p p r o x i m a t e l y   20  i n c h e s   o f  

m e r c u r y .   T h i s   r a p i d   r e d u c t i o n   in  p r e s s u r e   c a u s e s  

r e m o v a l  o f   a l l   of  t h e   a b s o r b e d   s t e a m   and  r e t u r n s   t h e  

p r o c e s s e d   l i q u i d   to  i t s   o r d i n a r y   c o n c e n t r a t i o n .   M o r e  

i m p o r t a n t l y ,   t he   r e d u c t i o n   in  t e m p e r a t u r e   of  t h e  



s t e r i l i z e r   176 .   The  a i r   i n l e t   l i n e   s h o u l d   be  p r o v i d e d  

w i t h   a  c h e c k   v a l v e   2 5 2 ,   a  p r e s s u r e   g a u g e   254 ,   a  r e m o t e  

c o n t r o l   v a l v e   256 ,   and  a  p r e s s u r e   r e g u l a t o r   2 5 8 .  

P r o d u c t   f o r   t r e a t m e n t   in  t h e   s t e r i l i z e r   176  i s  

s u p p l i e d   v i a   a  main   s u p p l y   l i n e   266  w h i c h   i s   c o u p l e d   t o  

a  p l u r a l i t y   of  s u p p l y   p i p e s   52 ,   e a c h   f e e d i n g   one  of  t h e  

f i l m   f o r m i n g   h e a d s   54.   in  FIGURE  17  e a c h  o f   t h e   s u p p l y  

p i p e s   52  is   shown  as  h a v i n g   a  m a n u a l . v a l v e   262  t o  

p r o v i d e   i n d i v i d u a l   f l o w   a d j u s t m e n t   t o  e a c h   of  t he   f i l m  

f o r m i n g   h e a d s .   T h e s e   m a n u a l l y   a d j u s t a b l e   v a l v e s   may  b e  

e l i m i n a t e d   s i m p l y   by  u t i l i z i n g   t h e   d i s t r i b u t i o n   " t r e e "  

c o n c e p t   i l l u s t r a t e d   in  FIGURES  12  and  13.  The  m a i n  

s u p p l y   l i n e   266  i n c l u d e s   an  i n p u t   p r o d u c t   t e m p e r a t u r e  

s e n s o r   264  and  a  p r o d u c t   l i n e   c h e c k - v a l v e   267  w h i c h   i s  

p l a c e d   in  t h e   main   s u p p l y   l i n e   j u s t   b e f o r e   t h e  

t e m p e r a t u r e   s e n s o r .  

A  l i q u i d   l e v e l   s e n s o r   268  may  be  u s e d   to   m o n i t o r  

t he   l e v e l   of  p r o d u c t   a t   t h e   b o t t o m   of  t he   s t e r i l i z e r  

176 .   As  s h o w n ,   t h e   d e v i c e   i s   p r e f e r a b l y   a  n o n -  

c o n t a c t i n g   c o n v e n t i o n a l   m a g n e t i c   or   gamma  r a y   d e v i c e  

i n c l u d i n g   an  e n e r g y   p r o j e c t o r   270  and  an  e n e r g y  s e n s i n g  

d e v i c e   272 .   S i m i l a r l y ,   an  o p t i o n a l   n o n - c o n t a c t i n g  

f l o w m e t e r   274  of  c o n v e n t i o n a l   d e s i g n   may  be  c o u p l e d   t o  

t h e   h o l d i n g   t u b e   226  to   m o n i t o r   t h e   f l o w   of  p r o d u c t  

t h r o u g h   t h e   h o l d i n g   t u b e .   The  h o l d i n g   t u b e   i t s e l f   i s   a  

s a n i t a r y   l i n e   f o r   t r a n s f e r r i n g   t h e   p r o d u c t   f rom  t h e  

s t e r i l i z e r  1 7 6   to  t h e   v a c u u m   c h a m b e r   224 .   T h e  

r e s i d e n c e   t i m e   of  t h e   f a s t e s t - m o v i n g   p a r t i c l e   o f  

p r o d u c t   in  t h e   h o l d i n g   t u b e   i s   c o n s i d e r e d   to   be  t h e  

h o l d i n g   t u b e   t i m e .   A  r e m o v a b l e   o r i f i c e   276  i s  

i n s t a l l e d   a t   t he   end  of  t h e   h o l d i n g   t u b e   w h e r e   i t  

e n t e r s   t he   vacuum  c h a m b e r   224 .   The  o r i f i c e   276  s e r v e s  

as  b o t h   an  e x p a n s i o n   v a l v e   and  a  c o n t r o l   of  t he   f l o w  

r a t e   t h r o u g h   t he   h o l d i n g   t u b e .   The  s i z e   of  t he   o r i f i c e  



p r o d u c t ,   p a r t i c u l a r l y   w h e r e   m i l k   is  c o n c e r n e d ,   r e d u c e s  

the   s e n s i t i v i t y   of  t he   p r o d u c t   to   t a s t e   d i s t o r t i o n  

w h i c h   c o u l d   be  c a u s e d   by  e x t e n s i v e   p h y s i c a l  

p e t u r b a t i o n s   or  a g i t a t i o n .   T h u s ,   once   i t   is  c o o l e d   i n  

the   vacuum  c h a m b e r ,   h a n d l i n g   of  the   m i l k   p r o d u c t  

b e c o m e s   l e s s   c r i t i c a l .   H o w e v e r ,   i t   is  n o t e d   t h a t   t h e  

p r o d u c t   m u s t   p a s s   a t   h i g h   t e m p e r a t u r e   t h r o u g h   t h e  

o u t l e t   p i p e   182  and  the   h o l d i n g   t u b e   226  b e f o r e   i t  

r e a c h e s   t he   vacuum  c h a m b e r .   Thus   h a n d l i n g   of  t he   m i l k  

as  i t   p a s s e s   t h r o u g h   the   h o l d i n g   t u b e   is  a l s o   c r i t i c a l  

s i n c e   f l a v o r   d i s t o r t i o n   can  e a s i l y   o c c u r   in  t he   h o l d i n g  

t u b e   i t s e l f .   F u r t h e r m o r e ,   t he   f l ow  of  p r o c e s s e d  

p r o d u c t   t h r o u g h   the   h o l d i n g   t u b e   must   be  v e r y   c l o s e l y  

m o n i t o r e d   to  p r e v e n t   e i t h e r   a  b u i l d u p   of  e x c e s s   p r o d u c t  

in  t h e   s t e r i l i z a t i o n   c h a m b e r   or  a  d r o p   in  t he   l e v e l   o f  

f l u i d   in  t h e   o u t l e t   p i p e   182 .   An  a c c u m u l a t i o n   o f  

e x c e s s   m a t e r i a l   in  t he   s t e r i l i z a t i o n   c h a m b e r   can  r e s u l t  

in  s p l a s h i n g ,   and  the   r e s u l t a n t   u n d e s i r a b l e   p h y s i c a l  

a g i t a t i o n   of  t h e   p r o d u c t  a t   t he   b o t t o m   of  t h e  

s t e r i l i z a t i o n   c h a m b e r   as  w e l l   as  b u r n i n g   on  of  d r o p l e t s  

of  s p l a s h   m a t e r i a l   t h a t   r e a c h   h o t t e r   p o r t i o n s   of  t h e  

s t e r i l i z a t i o n   c h a m b e r   w a l l .   F u r t h e r m o r e ,   i f   t h e  

p r o d u c t   i s   n o t   s t e a d i l y   w i t h d r a w n   from  t h e  

s t e r i l i z a t i o n   c h a m b e r ,   i t s   t i m e   of  t r e a t m e n t   a t   h i g h  

t e m p e r a t u r e   i n c r e a s e s   and  a c c o r d i n g l y   f l a v o r   d i s t o r t i o n  

can  o c c u r   due  to  e x c e s s i v e   h i g h   t e m p e r a t u r e   e x p o s u r e  

( i . e . ,   o v e r h e a t i n g   of  t h e   p r o d u c t ) .   F l u c t u a t i o n s   i n  

the   l e v e l   w i t h i n   t he   s t e r i l i z a t i o n   c h a m b e r   can  t h u s  

l e a d   to   n o n - u n i f o r m i t y   in  t h e   r e s u l t a n t   p r o d u c t   w h i c h  

is  v e r y   u n d e s i r a b l e   f rom  t h e   q u a l i t y   c o n t r o l  

s t a n d p o i n t .  

I f ,   on  t h e   o t h e r   h a n d ,   t he   l e v e l   of  f l u i d   d r o p s  

too   low  i n  t h e   o u t l e t   p i p e   182 ,   s t e a m   b u b b l e s   may  b e  

t r a p p e d   in  t h e   o u t l e t   p i p e   and  t he   h o l d i n g   t u b e   2 2 6 .  



Such  s t e a m   b u b b l e s   a f f e c t   t he   h o l d i n g   t i m e   and  c a u s e   i t  

to  b e c o m e   u n p r e d i c t a b l e ,   a g a i n   c r e a t i n g   t h e   p o s s i b i l i t y  

of  n o n - u n i f o r m i t y   in  t he   t r e a t e d   p r o d u c t .   The  s a m e  

s t e a m   b u b b l e s   a l s o   c o l l a p s e   u n p r e d i c t a b l y   and  c a u s e  

l o c a l i z e d   h e a t i n g   of  t he   p r o d u c t   and  e x c e s s   d e p o s i t s   o n  

t h e   w a l l s   of   t h e   h o l d i n g  t u b e   226 .   Such   d e p o s i t s   c a n  

r e d u c e   t h e   d i a m e t e r   of  t h e   h o l d i n g   t u b e   and  t h u s  

f u r t h e r   r e s t r i c t   f l o w   l e a d i n g   to  a  c o n t i n u a l   b a c k u p   o f  

f l u i d   w i t h i n   t h e   s t e r i l i z a t i o n   c h a m b e r ,   and  c o n s e q u e n t  

f u r t h e r   l o s s   of  q u a l i t y   in  t h e  p r o d u c t   b e i n g  

p r o c e s s e d .   B u r n i n g   on  of  m i l k   s o l i d s   to   t h e   w a l l s   o f  

t he   h o l d i n g   t u b e   can  a l s o   r e s u l t   f rom  t h e   l a c k   of  a  

s t e a d y   f l o w   of  p r o d u c t   ( i . e . ,   a  b r i e f   d e l a y   in   p a s s i n g  

t h r o u g h   t h e   h o l d i n g   t u b e ) .   A g a i n ,   d e p o s i t s   may  b e  

c r e a t e d   on  t h e   w a l l s   of  t he   h o l d i n g   t u b e   f u r t h e r  

r e d u c i n g   f l o w   and  a l s o   i m p a r t i n g  a   b u r n t   f l a v o r   to   t h e  

m i l k   p r o d u c t   as  i t   e m e r g e s   f rom  t h e   h o l d i n g   t u b e .   F o r  

a l l   of  t h e s e   r e a s o n s ,   i t   i s   e s s e n t i a l   t o   a c c u r a t e l y  

c o n t r o l   t h e   f l u i d   l e v e l   a t   t he   b o t t o m   of   t h e  

s t e r i l i z a t i o n   c h a m b e r   (o r   t o p   of  t h e   o u t l e t   p i p e   1 8 2 )  

and  to   c o n t r o l   t h e   f l ow  r a t e   t h r o u g h   t h e   h o l d i n g   t u b e  

2 2 6 .  

A c c o r d i n g l y ,   a  v e r y   p r e c i s e   s y s t e m   i s  n e c e s s a r y  

f o r   c o n t r o l l i n g   t he   f l u i d   l e v e l   a t   t h e   b o t t o m  o f   t h e  

s t e r i l i z a t i o n   c h a m b e r   and  f o r   c o n t r o l l i n g   f l u i d   f l o w  

t h r o u g h   t h e   h o l d i n g   t u b e   226 .   In  a d d i t i o n   to   b e i n g  

a c c u r a t e   and  r e l i a b l e ,   h o w e v e r ,   s u c h   a  c o n t r o l   s y s t e m  

m u s t   a l s o   be  s u c h   t h a t   i t   does   no t   e n g a g e   t h e   h o t   f l u i d  

p r o d u c t ,   can   be  k e p t   s t e r i l e   w i t h   l i t t l e   or   n o  

d i f f i c u l t y ,   and  can  be  p r o d u c e d   a t   a  c o s t   w h i c h   i s   n o t  

p r o h i b i t i v e .   To  mee t   a l l   of  t h e s e   c r i t e r i a ,   a  u n i q u e  

m e t h o d   and  a p p a r a t u s   was  d e v e l o p e d   f o r   m a i n t a i n i n g   t h e  

f l u i d   f l o w   and  f l u i d   l e v e l   in  t h e   s y s t e m   of  t h e  

i n v e n t i o n .   The  u n i q u e   a p a r a t u s   r e l i e s   upon   m a i n t a i n i n g  



a  p r e s s u r e   e q u i l i b r i u m   and  is  c h a r a c t e r i z e d   as  a  

" b a l a n c e d   f o r c e "   t e c h n i q u e .  

In  d e v e l o p i n g   t h i s   t e c h n i q u e   i t   was  f i r s t  

d e t e r m i n e d   by  e x t e n s i v e   e x p e r i m e n t a t i o n   t h a t   t h e  

o p t i m u m   f l u i d   l e v e l   w a s  a   l e v e l   a t   t he   j u n c t i o n   b e t w e e n  

t h e   b o t t o m   of  t he   s t e r i l i z a t i o n   c h a m b e r   176  and  t h e   t o p  

of  t he   o u t l e t   p i p e   182 ,   as  i n d i c a t d   a t   284  in  FIGURE 

17.  M a i n t a i n i n g   t h e   l e v e l   284  r e s u l t s   in  a  l i q u i d   s e a l  

a t   t he   b o t t o m   of  t he   s t e r i l i z a t i o n   c h a m b e r   p r o h i b i t i n g  

t he   e s c a p e   of  s t e a m   or  s t e a m   b u b b l e s   i n t o   t he   h o l d i n g  

t u b e .   I t   f u r t h e r   e s s e n t i a l l y   e l i m i n a t e s   t h e  

p o s s i b i l i t y   of  s p l a s h i n g   w i t h i n   t he   s t e r i l i z a t i o n  

c h a m b e r   and  r e s u l t s   in  a  s t e a d y   f l ow  of  m a t e r i a l  

t h r o u g h   the   h o l d i n g   t u b e   2 2 6 .  

The  b a l a n c e d   f o r c e   c o n t r o l   is   e s t a b l i s h e d   b y  

a d j u s t i n g   a  v a l v e   267  to   an  a p p r o p r i a t e   s e t t i n g   so  t h a t  

a  d e s i r e d   f l ow  r a t e   of  p r o d u c t   is  i n t r o d u c e d   i n t o   t h e  

s t e r i l i z a t i o n   c h a m b e r   176 .   Once  t h i s   s e t t i n g   is   k n o w n  

f o r   a  g i v e n   p r o d u c t ,   t he   v a l v e   267  m a y  b e   r e p l a c e d   b y  

an  o r i f i c e   p l a t e   or  t h e   p i p i n g   may  s i m p l y   be  s i z e d   t o  

p r o d u c e   t he   d e s i r e d   r a t e   a t   a l l   t i m e s .   S t e a m   mus t   t h e n  

be  i n t r o d u c e d   t h r o u g h   t he   s u p p l y   p i p e   196  a t   a n  

a p p r o p r i a t e   t e m p e r a t u r e   and  p r e s s u r e   to   p r o v i d e  

a d e q u a t e   h e a t i n g   of  t h e   p r o d u c t .   The  o r i f i c e   276  i s  

t h e n   s e t   to  m a i n t a i n   t he   d e s i r e d   l i q u i d   l e v e l   284  a t  

t h e   b o t t o m   of  t he   s t e r i l i z a t i o n   c h a m b e r .   T h i s   l e v e l   i s  

c h e c k e d   by  t he   use   of  t h e   l i q u i d   l e v e l   s e n s o r   268.   I t  

has   been   d i s c o v e r e d   e m p i r i c a l l y   t h a t   f o r   a  g i v e n   s i z e d  

o r i f i c e   276 ,   a  s i n g l e   l i q u i d   l e v e l   is   e s t a b l i s h e d   i n  

t h e   s t e r i l i z a t i o n   c h a m b e r   176  when  a l l   o t h e r   c o n d i t i o n s  

r e m a i n   c o n s t a n t   as  one  wou ld   e x p e c t .   I t   was  a l s o  

d i s c o v e r e d   t h a t   l a r g e   s y s t e m   v a r i a t i o n s   d id   n o t  

s i g n i f i c a n t l y   c h a n g e   the   l i q u i d   l e v e l   and  m o r e o v e r   d i d  

no t   c a u s e   i n s t a b i l i t y   in  s y s t e m   d y n a m i c s .   T h i s   w a s  



c o m p l e t e l y   u n e x p e c t e d .   I t   i s   a  s i g n i f i c a n t   f i n d i n g  

s i n c e   l e v e l   and  f l o w   c o n t r o l   in   t h e   s t e r i l i z e r   a n d  

h o l d i n g   t u b e   a r e   c r i t i c a l   to   t h e   f i l m   f o r m a t i o n   and  t o  

p r e v e n t i n g   o v e r h e a t i n g   and  f l a v o r   d i s t o r t i o n s .   T h i s  

f i n d i n g   m e a n t   t h a t   a  f i x e d   o r i f i c e   i s   a l l   t h a t   w o u l d   b e  

n e e d e d   t o   a c c u r a t e l y   c o n t r o l   t h e   l e v e l   in  t h e  

s t e r i l i z e r   and  the   f l o w   r a t e   t h r o u g h   t h e   h o l d i n g   t u b e .  

As  an  a l t e r n a t i v e   to   a d j u s t i n g   t h e   o r i f i c e   2 7 6 ,   a  

v a l v e   may  be  i n s t a l l e d   in  p l a c e   of  t h e   o r i f i c e   276  a n d  

a d j u s t e d   to   t h e   p r o p e r   f l o w   r a t e .   Once  t h e   p r o p e r   r a t e  

i s   e s t a b l i s h e d   f o r   a  p a r t i c u l a r   s y s t e m ,   t h e   v a l v e   c a n  

be  r e m o v e d   and  r e p l a c e d   by  an  o r i f i c e   p e r m i t t i n g   t h e  

same  f l o w   r a t e .  

D a t a   s u p p o r t i n g   t h e   o p e r a t i o n   of  t h e   f o r c e   b a l a n c e  

m e t h o d   i s   s e t   f o r t h   in  TABLE  3.  As  i n d i c a t e d   in  t h e  

t a b l e ,   i t   ha s   b e e n   o b s e r v e d   e x p e r i m e n t a l l y   t h a t   a  v e r y  
s t a b l e   f l o w   r a t e   was  e s t a b l i s h e d   when  t h e   f o r c e   b a l a n c e  

l e v e l   c o n t r o l   m e t h o d   was  u s e d   as  o p p o s e d   to   u s i n g   a  

c o n v e n t i o n a l   f e e d b a c k   c o n t r o l   s y s t e m   f o r   m o d u l a t i n g   t h e  

h o l d i n g   t u b e   back   p r e s s u r e .   T h i s   w a s  o b s e r v e d   u s i n g   a  
c o n v e n t i o n a l   m a g n e t i c   f l o w   m e t e r   274  w i t h   r e a d i n g s  

r e c o r d e d   on  a  c o n v e n t i o n a l   c i r c u l a r   c h a r t .   As  s e e n  

f rom  TABLE  3,  s i g n i f i c a n t   v a r i a t i o n s   in   s y s t e m  

p a r a m e t e r s ,   s u c h   as  f l o w   r a t e ,   s t e r i l i z e r   p r e s s u r e ,   a n d  

t e m p e r a t u r e   do  n o t   c a u s e   i n s t a b i l i t y   or   l o s s   of  t h e  

l i q u i d   l e v e l .   M o r e o v e r ,   t h e   c h a n g e   in   t h e   l i q u i d   l e v e l  

i s   v e r y   s m a l l   ( l e s s   t h a n   2")  e v e n   when  l a r g e   v a r i a t i o n s  

o c c u r   in  t h e   f l o w   r a t e   and  s t e r i l i z e r   t e m p e r a t u r e   a n d  

p r e s s u r e   as  s e e n   in  TABLE  3.  I t   i s  t h u s   a c c o r d i n g l y  

s e e n   t h a t   a  s t a b l e   c o n f i g u r a t i o n   i s   e s t a b l i s h e d .  

The  mos t   i m p o r t a n t   and  c r i t i c a l   a s p e c t   of  t h i s  

" b a l a n c e d   f o r c e "   m e t h o d   is   t h a t   l a r g e   c h a n g e s   in   s y s t e m  

d y n a m i c s   t h a t   wou ld   l i k e l y   o c c u r   d u r i n g   a  c o m m e r c i a l  

o p e r a t i o n   do  no t   c a u s e s   i n s t a b i l i t y   i n  t h e   l i q u i d   l e v e l  



due  to  a  b a l a n c i n g   of  s y s t e m   f o r c e s .   For  e x a m p l e ,  

s u p p o s e   an  o r i f i c e   is   s i z e d   and  p l a c e d   a t   t h e   end  o f  

the   h o l d i n g   t u b e   to  p r o v i d e   the   p r o p e r   l e v e l .   I f   t h e  

f l ow  r a t e   i s   i n c r e a s e d   by  20%,  one  wou ld   e x p e c t   t h e  

l e v e l   to  c o n t i n u o u s l y   r i s e   and  f i l l   t he   s t e r i l i z e r .  

T h i s   d o e s   no t   o c c u r .   In  f a c t ,   an  i n c r e a s e   in  t h e   f l o w  

r a t e   to   t he   s t e r i l i z e r   r e s u l t s   in  a  v e r y   s m a l l   i n c r e a s e  

in  t he   l i q u i d   l e v e l   w h i c h   a g a i n   b e c o m e s   s t a b l e .   T h e  

i n c r e a s e d   f l o w   r a t e   r e q u i r e s   a d d i t i o n a l   s t e a m ,   w h i c h  

r e q u i r e s   a d d i t i o n a l   p r e s s u r e ,   w h i c h   f o r c e s   more  p r o d u c t  

a t   t he   o u t l e t   of  the   s t e r i l i z e r ,   t h u s   c o u n t e r a c t i n g   t h e  

i n c r e a s e d   f l o w   i n p u t .   The  d i s c o v e r y   of  t he   s t a b i l i t y  

of  t h i s   m e t h o d   is  c r i t i c a l   to  s y s t e m   o p e r a t i o n .  

To  p r e v e n t   f l a v o r   d i s t o r t i o n   due  to   c o n t a c t  

b e t w e e n   t he   h e a t e d   p r o d u c t   and  a  m e t a l   s u r f a c e ,   t h e  

e n t i r e   i n n e r   s u r f a c e   of  t h e   o u t l e t   p i p e   182  and  t h e  

h o l d i n g   t u b e   226  may  be  c o a t e d   w i t h   an  a p p r o p r i a t e  

i n n e r   m a t e r i a l   such   as  T e f l o n ,   or   t h e   h o l d i n g   t u b e   may  
be  f o r m e d   of  an  i n e r t   m a t e r i a l   s u c h   as  g l a s s .  



S t e r i l i z e r   I n l e t   T e m p e r a t u r e   was  c o n s t a n t   a t   1 5 9 °  

F l a s h   C h a m b e r   V a c u u m  w a s   c o n s t a n t   a t   21"  m e r c u r y .  



A  " p o p - o f f "   or  maximum  p r e s s u r e   v a l v e   286  may  b e  

c o u p l e d   to  t h e   s t e a m   s u p p l y   p i p e   196  as  a  s i m p l e   a n d  

e f f e c t i v e   way  of  e n s u r i n g   t h a t   s t e a m   p r e s s u r e   does   n o t  

r i s e   a b o v e   a  p r e d e t e r m i n e d   v a l u e .   T h i s   v a l v e   p r e v e n t s  

the   s t e a m   p r e s s u r e   f r o m , r i s i n g   in  the   s t e r i l i z a t i o n  

c h a m b e r   176  and  t h u s   m a i n t a i n s   t he   c h a m b e r   p r e s s u r e  

be low  a  s p e c i f i e d   maximum.  I f   t he   s t e a m   s u p p l y   s h o u l d  

i n c r e a s e   above   a  s p e c i f i e d   maximum,  f low  wou ld   i n c r e a s e  

t h r o u g h   the   h o l d i n g   t u b e   a b o v e   a  s p e c i f i e d   l i m i t   a n d  

the   l e v e l   284  w o u l d   d r o p   b e l o w   t he   o p t i m u m   p o s i t i o n .  

The  p o p - o f f   v a l v e   286  p r o v i d e s   a  d e v i c e   f o r   p r e v e n t i n g  

t h i s   s i t u a t i o n   f rom  d e v e l o p i n g .  

I t   s h o u l d   be  p o i n t e d   o u t   t h a t   t he   b a l a n c e d   f o r c e  

l e v e l   c o n t r o l   m e t h o d   w o r k s   s i m i l a r l y   w i t h   n o n -  

c o n d e n s a b l e   g a s e s ,   s u c h   as  a i r .   T h i s   i s   v e r y   u s e f u l   i n  

c l e a n i n g   c l o s e d   v e s s e l s   w i t h i n   t h e   p r e s e n t   s y s t e m .  

More  p a r t i c u l a r l y ,   a  s e l e c t e d   a i r   p r e s s u r e   i s  

m a i n t a i n e d   in  t h e   s t e r i l i z a t i o n   c h a m b e r   w h i c h   w i l l  

r e s u l t   in  a  c o n s t a n t   l e v e l   and  f l ow  r a t e .   The  c o n s t a n t  

l e v e l   i m p r o v e s   t he   a b i l i t y   of  t he   p r e s s u r e   v e s s e l   to   b e  

c l e a n e d   and  e l i m i n a t e s   t he   need  f o r   a  pump  a t   t h e  

d i s c h a r g e   or  b o t t o m   end  of  t he   p r e s s u r e   v e s s e l .  

The  d e s i g n   of  t he   h o l d i n g   t u b e   226  f o r   an  u l t r a -  

h i g h   t e m p e r a t u r e   (UHT)  s y s t e m   in  a c c o r d a n c e   w i t h   t h e  

p r e s e n t   i n v e n t i o n   i s   p a r t i c u l a r l y   c r i t i c a l   s i n c e   m a n y  

of  the   f l a v o r   d i s t o r t i o n s   w h i c h   have   been   e l i m i n a t e d   i n  

t he   u n i q u e   d e s i g n   of  t he   s t e r i l i z a t i o n   c h a m b e r   176  c a n  

be  r e i n t r o d u c e d   i n t o   t h e   p r o d u c t   by  v a r i o u s   e f f e c t s  

o c c u r r i n g   w i t h i n   t he   h o l d i n g   t u b e .   I t   is   p a r t i c u l a r l y  

n e c e s s a r y   to  a v o i d   a g i t a t i o n   and  t u r b u l e n c e   in  t h e  

h o l d i n g   t u b e   as  o i l i n g   o f f   and  f a t   s e p a r a t i o n   can  t h e n  

o c c u r . .  A   v e r y   s m o o t h   and  c o n t i n u o u s   r a t e   of  f l o w  

t h r o u g h   the   h o l d i n g   t u b e   is   e s s e n t i a l   to  p r o d u c t  

q u a l i t y   and  u n i f o r m i t y .   Thus  even   a  n e g a t i v e   f e e d b a c k  



c o n t r o l   n e t w o r k   w h i c h   m i g h t   be  c o u p l e d   b e t w e e n   a  v a l v e  

p l a c e d   a t   t he   p o s i t i o n   of  o r i f i c e   276  and  t he   f l o w  

m e t e r   274  or   l e v e l   d e t e c t o r   268  m i g h t   c a u s e  

o s c i l l a t i o n s   in  t h e   f l o w   r a t e   or   o t h e r   v a r i a t i o n s   i n  

t h e   f l ow  r a t e   w h i c h   c o u l d   i n t r o d u c e   t u r b u l e n c e   a n d  

u n d e s i r a b l e   p r e s s u r e   v a r i a t i o n s   i n t o   t h e   h o l d i n g  

t u b e .   The  b a l a n c e d   f o r c e   m e t h o d ,   on  t h e   o t h e r   h a n d ,  

p e r m i t s   a  t o t a l l y   f i x e d   s y s t e m   to  be  p r o d u c e d   w h e r e i n  

t h e   p o s s i b i l i t y   of  f l o w   r a t e   and  p r e s s u r e   f l u c t u a t i o n s  

is   v i r t u a l l y   e l i m i n a t e d .  

A t t e n t i o n   i s   now  d i r e c t e d   to   FIGURE  18  w h i c h  

i l l u s t r a t e s   t h e   s t e r i l i z e r   176  of  t h e   p r e s e n t   i n v e n t i o n  

in  c o n j u n c t i o n   w i t h   a  c o m p l e t e   p r o c e s s i n g   s y s t e m .   I n  

t h e   s y s t e m ,   t h e   raw  i n p u t   p r o d u c t ,   s u c h   as  raw  m i l k ,  

e n t e r s   a  b a l a n c e   t a n k   288  t h r o u g h   a  s u p p l y   p i p e   290 ,   t o  

w h i c h   a  w a t e r   f e e d   p i p e   292  may  a l s o  b e   c o u p l e d .   T h e  

p r o d u c t   e n t e r s   t h e   b a l a n c e   t a n k   288  a t   a p p r o x i m a t e l y  

4°C  ( 4 0 ° F ) .   I t   i s   pumped  o u t   of  t h e   b a l a n c e   t a n k   by  a  

c e n t r i f u g a l   pump  294 ,   t h r o u g h   a  c o n v e n t i o n a l   f l o w m e t e r  

296  to  a  c o n v e n t i o n a l   p r e - h e a t e r   298  w h e r e   i t   i s   h e a t e d  

to   a p p r o x i m a t e l y   80°C  ( 1 7 6 ° F )   by  w a t e r   w h i c h   h a s  

p r e v i o u s l y   b e e n   u s e d   to  c o o l   v a p o r s   in  a  f l a s h   c h a m b e r  

c o n d e n s e r   300 .   A  v a r i a b l e   v a l v e   302  i s   c o u p l e d   to   t h e  

f l o w m e t e r   296  t h r o u g h   a  c o n v e n t i o n a l   f e e d b a c k   s e r v o  

n e t w o r k   304  to   r e g u l a t e   t h e   s y s t e m   f l o w   r a t e  a t   t h e  

o u t p u t   of  c e n t r i f u g a l   pump  294 .   A  c o n v e n t i o n a l  

t e m p e r a t u r e   s e n s o r   and  s e r v o   n e t w o r k   3 0 6  m o n i t o r   t h e  

t e m p e r a t u r e   of  t h e   p r o d u c t   in  l i n e   266  and  c o n t r o l   t h e  

a p p l i c a t i o n   of  h e a t e d   c u l i n a r y   s t e a m   to   t h e   p r h e a t e d  

298  v i a   a  v a l v e   308  in  a c c o r d a n c e   w i t h   t he   p r o d u c t  

t e m p e r a t u r e .  

T h e ,  p r e h e a t e d   p r o d u c t   e n t e r s   t h e   UHT  s t e r i l i z e r  

176  w h e r e   i t   i s   f o r m e d   i n t o   f i l m s ,   as  p r e v i o u s l y  

d e s c r i b e d ,   and  h e a t e d   to   a  t e m p e r a t u r e  o f   a p p r o x i m a t e l y  



143°C  ( 2 9 0 ° F ) .   S t e a m   p r e s s u r e   m a i n t a i n s   a 

p r e d e t e r m i n e d   l e v e l   in  t h e   UHT  h e a t e r ,   in  a c c o r d a n c e  

w i t h   t he   b a l a n c e d   f o r c e d   c o n t r o l   n e t w o r k   p r e v i o u s l y  

d e s c r i b e d ,   and  p u s h e s   t he   p r o d u c t   t h r o u g h   h o l d i n g   t u b e  

226  i n t o   f l a s h   c h a m b e r   224  w h e r e   t he   p r o d u c t   i s  

i n s t a n t a n e o u s l y   c o o l e d   to  82°C  ( 1 8 0 ° F ) .   The  s a m e  

a m o u n t   of  s t e a m   used   in  t h e   UHT  s t e r i l i z e r   176  i s  

f l a s h e d   o f f   in  t h e   f l a s h   c h a m b e r   by  c o n t r o l l i n g   t h e  

vacuum  t h e r e i n .   In  t h i s   r e g a r d   i t   is   n o t e d   t h a t   h o t  

v a p o r s   a r e   d rawn   o f f   f rom  t h e   f l a s h   c h a m b e r   t h r o u g h   a  

l i n e   310  and  s u p p l i e d   to  t he   c o n d e n s e r  w h e r e   t h e y   a r e  

c o n d e n s e d   by  c o l d   w a t e r   s u p p l i e d   t h r o u g h   a  l i n e   3 1 2 .  

The  c o l d   w a t e r   i s   h e a t e d   in  t h i s   p r o c e s s   and  d e l i v e r e d  

to  t he   p r e h e a t e r   298  v i a   a  l i n e   314.   A  c o n v e n t i o n a l  

vacuum  pump  316  e v a c u a t e s   t h e   f l a s h   c h a m b e r   a n d  

c o n d e n s e r .  

The  c o o l e d   p r o d u c t   is   r e m o v e d   f rom  the   f l a s h  

c h a m b e r   by  a  c o n v e n t i o n a l   a s e p t i c   p r o d u c t   r e m o v a l   p u m p  
318  and  i s   d e l i v e r e d   v i a   a  l i n e   320  to  a  c o n v e n t i o n a l  

h o m o g e n i z e r   322  w h e r e   a  h o m o g e n i z i n g   p r e s s u r e   o f  

a p p r o x i m a t e l y   200  k g / c m 2   (300  p s i g )   is   m a i n t a i n e d .   A 

c o n v e n t i o n a l   t e m p e r a t u r e   c o n t r o l   and  s e r v o   n e t w o r k   3 2 4  

c o u p l e s   t h e   l i n e   320  w i t h   an  a i r   v a l v e   326  to  c o n t r o l  

t he   vacuum  w i t h i n   t he   f l a s h   c h a m b e r   and  t h u s   c o n t r o l  

t he   t e m p e r a t u r e   of  t he   p r o d u c t   d e l i v e r e d   to  t h e  

h o m o g e n i z e r .   The  p r o d u c t   l e v e l   in  t he   f l a s h   c h a m b e r  

224  is   c o n t r o l l e d   by  a  b y p a s s   l i n e   328  a r o u n d   t h e  

h o m o g e n i z e r   322 .   A  c h e c k   v a l v e   330,   c o n t r o l l e d   by  a  

c o n v e n t i o n a l   l e v e l   s e n s i n g   and  s e r v o   n e t w o r k   3 3 2  

c o n t r o l s   t he   d e l i v e r y   of  p r o d u c t   to  the   b y - p a s s   l i n e .  

The  h o m o g e n i z e r   322  p u s h e s   t he   p r o c e s s e d   p r o d u c t  

t h r o u g h   a  l i n e   334  to  a  c o n v e n t i o n a l   a s e p t i c   c o o l e r   3 3 6  



w h e r e   c o l d   w a t e r   f rom  the   p r e h e a t e r   c o o l s   t h e   p r o d u c t  

f rom  85°C  ( 1 8 5 ° F )   to   20°C  ( 6 8 ° F )   f o r   a s e p t i c   s t o r a g e   o r  

f o r   d i r e c t   f i l l i n g   of  a s e p t i c   p a c k a g e s   by  m e a n s  o f   a  
s e r i e s   of  c o n v e n t i o n a l   o u t p u t   s u r g e   and  f i l l e r   v a l v e s  

338 ,   b a c k   p r e s s u r e   v a l v e s   340  and  342  m a i n t a i n   a  

p o s i t i v e   p r e s s u r e   in  t h e   a s e p t i c   p r o d u c t   l i n e s   t o  

m i n i m i z e   t h e   r i s k   of  c o n t a m i n a t i o n .   A  c o n v e n t i o n a l  

p r e s s u r e   m o n i t o r   and  s e r v o   n e t w o r k   344  c o n t r o l   t h e  

o p e r a t i o n   of  back   p r e s s u r e   v a l v e   340 .   A  f l o w   d i v e r s i o n  

v a l v e   346  i s   c o n t r o l l e d   by  the   c o n t r o l l e r   r e c o r d e r   2 4 3  

in  r e s p o n s e   to   t e m p e r a t u r e   m e a s u r e m e n t s   of  t he   p r o d u c t  

w i t h i n   t h e   h o l d i n g   t u b e   226 .   I f   t h e   t e m p e r a t u r e   in  t h e  

h o l d i n g   t u b e   f a l l s   b e l o w   t h e   l e g a l l y - r e q u i r e d   m i n i m u m ,  

t h e   f l o w   d i v e r s i o n   v a l v e   i s   a c t i v a t e d   t o   d i v e r t   t h e  

i m p r o p e r l y - p r o c e s s e d   p r o d u c t   back   to  t h e   b a l a n c e   t a n k  

v i a   a  l i n e   348  and  a  d r a i n / r e r u n   v a l v e  3 5 0   to   t h e  

b a l a n c e   t a n k   288  f o r   r e p r o c e s s i n g .   I f   t h e   l e g a l l y  

r e q u i r e d   t e m p e r a t u r e s   a r e   m a i n t a i n e d   w i t h i n   t h e   h o l d i n g  

t u b e ,   t he   d i v e r s i o n   v a l v e   r e m a i n s   c l o s e d   and  t h e  

p r o c e s s   p r o d u c t   i s   d e l i v e r e d   d i r e c t l y   to   t h e   s u r g e   a n d  

f i l l e r   v a l v e s .  

I t   is  n o t e d   t h a t   t h e  s y s t e m   may  be  c o m p l e t e l y  

a u t o m a t e d   w i t h   an  i n i t i a l   s t e r i l i z a t i o n   c y c l e   u s i n g   h o t  

w a t e r ,   a  p r o d u c t   c y c l e   and  s u b s e q u e n t   c l e a n i n g   in  p l a c e  

c y c l e .  

The  m a j o r   a s p e c t s   of  t h e   p r e s e n t   i n v e n t i o n  

d i s c u s s e d   h e r e i n   t o g e t h e r   c o o p e r a t e   to   p r o d u c e   r e s u l t s  

w h i c h   have   l o n g   b e e n   s o u g h t   a f t e r  b u t   h a v e   b e e n  

u n a t t a i n a b l e   u s i n g   p r i o r   a r t   t e c h n o l o g y .   T h e s e   r e s u l t s  

a r e   t h e   e f f i c i e n t   and  c o n t i n u o u s   p r o d u c t i o n   of  f u l l y  

s t e r i l i z e d   m i l k   w h i c h   is   v i r t u a l l y   i n d i s t i n g u i s h a b l e  

f rom  f r e s h   w h o l e   m i l k   in  t a s t e .   T e s t s   on  s a m p l e s  

p r o d u c e d   by  t h e   p r e s e n t   s y s t e m   c o n d u c t e d   a t   t h e  

U n i v e r s i t y   of  M a r y l a n d   have   p r o v e n   t h a t   t e s t   s a m p l e s   o f  



m i l k   p r o d u c e d   u t i l i z i n g   the   s y s t e m   of  t h e   i n v e n t i o n   c a n  

be  s t o r e d   u n r e f r i g e r a t e d   f o r   p e r i o d s   up  to   e i g h t   w e e k s  

w i t h   no  s i g n i f i c a n t   t a s t e   d i f f e r e n c e   when  c o m p a r e d   w i t h  

f r e s h ,   p a s t e u r i z e d   m i l k .   F u r t h e r m o r e ,   in  t a s t e   t e s t s  

h e l d   a t   t h e   U n i v e r s i t y   6f  M i n n e s o t a   in  J u l y ,   1977  m i l k  

p r o d u c e d   in  a c c o r d a n c e   w i t h   t he   g e n e r a l   m e t h o d   of  t h e  

p r e s e n t   i n v e n t i o n   was  c o m p a r e d   to  r e g u l a r   p a s t e u r i z e d  

m i l k   and  to   s t e r i l i z e d   m i l k   u s i n g   c o n v e n t i o n a l  

t e c h n o l o g y .   The  p r o d u c t   p r o d u c e d   u s i n g   t h e   p r e s e n t  

i n v e n t i o n   r e c e i v e d   the   h i g h e s t   s c o r e   of  a l l   p r o d u c t s  

i n d i c a t i n g   t a s t e   p r e f e r e n c e   by  t he   p a n e l   of  t e s t e r s .  

T h e s e   r e s u l t s   c o n f i r m e d   e a r l i e r   t e s t s   c o n d u c t e d   in  1 9 7 6  

by  t h e   D a i r y   M a r k e t i n g   Forum  s p o n s o r e d   by  t h e   U.  S .  

D e p a r t m e n t   of  A g r i c u l t u r e   C o o p e r a t i v e   E x t e n s i o n   S e r v i c e  

and  t he   U n i v e r s i t y   of  I l l i n o i s   a t   U r b a n a   C h a m p a i g n .  

In  o p e r a t i o n ,   t he   a p p a r a t u s   of  t he   i n v e n t i o n ,  

w h i c h   may  be  c h a r a c t e r i z e d   as  an  u l t r a   h i g h   t e m p e r a t u r e  

(UHT)  s t e r i l i z i n g   s y s t e m ,   r e c e i v e s   p r e h e a t e d   p r o d u c t s  

f rom  an  a p p r o p r i a t e   s o u r c e .   T h i s   p r o d u c t   i s   f o r m e d  

i n t o   one  or   more   c o n t i n u o u s   and  f u l l y   i s o l a t e d   f a l l i n g  

f i l m s   of  p r o d u c t .   V i r t u a l l y   any  number   of  i n d e p e n d e n t  

f a l l i n g   f i l m s   may  be  p r o d u c e d   in  t h e   s t e r i l i z a t i o n  

c h a m b e r   1 7 6 ,   d e p e n d i n g   o n l y   upon  t he   s i z e   of  t h e  

c h a m b e r .   N a t u r a l l y ,   s u f f i c i e n t   s p a c i n g   m u s t   e x i s t  

w i t h i n   t h e   c h a m b e r   to   p r e v e n t   i n t e r f e r e n c e   among  t h e  

v a r i o u s   f i l m s .   The  f a l l i n g   f i l m   i s   c h a r a c t e r i z e d   b y  

t h e   f a c t   t h a t   i t   n e v e r   e n g a g e s   any  s u r f a c e   w h i c h   i s  

h o t t e r   t h a n   i t s e l f .   I t   is  f o r m e d   u s i n g   a  d i s t r i b u t i o n  

head   h a v i n g   a  p l u r a l i t y   of  p r o p e r l y   s p a c e d   a p e r t u r e s   t o  

m a i n t a i n   c a r e f u l   c o n t r o l   o v e r   t he   f i l m   t h i c k n e s s   a n d  

s h a p e .   The  f a l l i n g   f i l m   is  s u b j e c t e d   to  e x t r e m e l y  

r a p i d   h e a t i n g   to  a  t e m p e r a t u r e   in  t h e   r a n g e   of  b e t w e e n  

280  and  3 0 0 ° F   by  f u l l y   s a t u r a t e d   c u l i n a r y   s t e a m .  

S p e c i a l   b a f f l i n g   and  s t e a m   d i s t r u b i t o n   t e c h n i q u e s   a r e  



u s e d   in  a c c o r d a n c e   w i t h   t he   i n v e n t i o n   to   p r e v e n t   t h e  

s t e a m   f rom  d i s t u r b i n g   t h e   c o n t i n u o u s   n a t u r e   of   t h e  

f a l l i n g   f i l m .   T h i s   i s   h i g h l y   s i g n i f i c a n t   in  t h e  

c o n t e x t   of  t h e   p r e s e n t   i n v e n t i o n   s i n c e   t h e   f i l m   m u s t  

f a l l   to   t he   b o t t o m   of  t he   s t e r i l i z a t i o n   c h a m b e r   w i t h o u t  

b e i n g   d i s t u r b e d   o r   s p l i t   i n t o   c o m p o n e n t s   to   p r e v e n t  

t a s t e   d i s t o r t i o n .   The  c a r e f u l   r e d u c t i o n   in  s t e a m  

v e l o c i t y   and  u l t i m a t e   d i s t r i b u t i o n   of  s t e a m   a r o u n d   t h e  

f a l l i n g   f i l m ' s   p r o d u c t   p r e v e n t   t he   s t e a m   f r o m  

i n t e r f e r i n g   w i t h   t h e  c o n t i n u o u s   n a t u r e   of  t h e   f a l l i n g  

f i l m .   S i m i l a r l y ,   t h e   h e i g h t   of  t h e   f i l m   i s   c a r e f u l l y  

a d j u s t e d   as  i s   t h e   f l o w   r a t e   of  t h e   p r o d u c t   f o r m i n g   t h e  

f i l m   so  t h a t   t h e   f i l m   f a l l s   to  t h e   b o t t o m   of  t h e  

s t e r i l i z a t i o n   c h a m b e r   w i t h o u t   b r e a k i n g   i n t o   d r o p l e t s   o r  

o t h e r w i s e   b e c o m i n g   d i s c o n t i n u o u s .   As  s u c h ,   s u r f a c e  

t e n s i o n   h o l d s   a l l   p a r t i c l e s   of  t h e   f i l m   t o g e t h e r   e v e n  

as  t h e y   s t r i k e   t h e   b o t t o m   of  t h e   c h a m b e r .   As  a  r e s u l t  

no  s p l a s h i n g   or   s u b s t a n t i a l   a g i t a t i o n   o c c u r s   as  t h e  

f i l m   r e a c h e s   t h e   b o t t o m   of  t he   c h a m b e r  a n d   i s   f ed   i n t o  

the   o u t l e t   p i p e .   To  p r e v e n t   a g i t a t i o n ,   s p l a s h i n g   o r  

o t h e r   p h y s i c a l   d i s t u r b a n c e   of  t h e   f l u i d   in  t he   o u t l e t  

and  h o l d i n g   p i p e s ,   e x t r e m e l y   a c c u r a t e   c o n t r o l   of   t h e  

f l u i d   l e v e l   a t   t h e   b o t t o m   of  t he   s t e r i l i z a t i o n   c h a m b e r  

i s   r e q u i r e d .   To  m e e t   t h i s   r e q u i r e m e n t ,   and  to   m e e t   t h e  

r e q u i r e m e n t   of   m a i n t a i n i n g   e x t r e m e l y   s t e a d y   f l o w  

t h r o u g h   t h e   h o l d i n g   t u b e   and  to   s t i l l   p r e s e r v e   t h e  

e a s i l y   c l e a n a b l e   n a t u r e   of  t h e  e q u i p m e n t ,   a  b a l a n c e d  

f o r c e   t e c h n i q u e   has   b e e n   d e v e l o p e d .   The  a d v a n t a g e   o f  

t h i s   t e c h n i q u e . i s   t h a t   i t   e l i m i n a t e s   e x p e n s i v e   c o n t r o l s  

w h i c h   c o u l d   c o n t a m i n a t e   t h e   m i l k   p r o d u c t ,   c o u l d   b e  

d i f f i c u l t   to  m a i n t a i n   in  a  s t e r i l e   c o n d i t i o n   and  m i g h t  

be  s u b j e c t   to   f a i l u r e s   of  m a l f u n c t i o n i n g   w h i c h  w o u l d  

r e s u l t   in  p e r t u r b a t i o n s   in  t he   f l u i d   and  f l o w   l e v e l  

r e s u l t i n g   in  t u r n   in   i n c o n s i s t e n c i e s   in  t h e . o u t p u t  

p r o d u c t .   The  b a l a n c e d   f o r c e   t e c h n i q u e ,   h o w e v e r ,  



e l i m i n a t e s   a l l   of  t h e s e   i n e f f i c i e n c i e s   s i m p l y   b y  

c o n t r o l l i n g   t he   i n p u t   f l o w   and  r e g u l a t i n g   o u t p u t   f l o w  

in  s u c h   a  way  t h a t   a  f i x e d   f l u i d   l e v e l   is   f o u n d   a n d  

m a i n t a i n e d   to   k e e p   t he   s y s t e m   f u l l y   s t a b l e   a n d  

o p e r a t i o n a l   w i t h   v i r t u a l l y   no  r i s k   of  f a i l u r e   o r  

p r o d u c t   d i s t o r t i o n .  

The  p r i n c i p a l   a d v a n t a g e s   of  t he   c o n t i n u o u s ,  

i s o l a t e d   f a l l i n g   f i l m   s t e r i l i z a t i o n   m e t h o d   a n d  

a p p a r a t u s   of  t he   p r e s e n t   i n v e n t i o n   can  be  s u m m a r i z e d   a s  

f o l l o w s :  





The  p r e s e n t   s y s t e m   can   be  used   f o r   p r o c e s s i n g   a n d  

h e a t   t r e a t i n g   a l l   t y p e s   of  f l u e n t   m a t e r i a l s .   N a t u r a l l y  

the   c h a r a c t e r i s t i c s   of  t he   m a t e r i a l   to  be  t r e a t e d   m u s t  

f i r s t   be  s t u d i e d   and  f u l l y   u n d e r s t o o d   b e f o r e   h e a t  

t r e a t m e n t   can  b e g i n .   For  e x a m p l e ,   i t   is   n e c e s s a r y   f o r  

each   p r o d u c t   to  d e t e r m i n e   t h e   a p p r o p r i a t e   t e m p e r a t u r e -  

t ime   r e l a t i o n s h i p   f o r   o p t i m u m   h e a t i n g .   Once  t h i s  

r e l a t i o n s h i p   is  d e t e r m i n e d ,   t h e   p r e s e n t   s y s t e m   can  b e  



s e t   to  p r o c e s s   any  f l u e n t  m a t e r i a l   a c c o r d i n g   to   v e r y  

p r e c i s e   t i m e   and  t e m p e r a t u r e   l i m i t a t i o n s   and  w i t h   a n  

a b s o l u t e   min imum  of  p h y s i c a l   p e r t u r b a t i o n   o r  

a g i t a t i o n .   To  p r e p a r e  t h e   s y s t e m   f o r   t r e a t i n g   any  s u c h  

g e n e r a l   p r o d u c t ,   o n c e   t h e   t i m e - t e m p e r a t u r e  

c h a r a c t e r i s t i c s   of   t h e   p r o d u c t   a r e   d e t e r m i n e d ,   i t   i s  

f i r s t   n e c e s s a r y   to   s e t  t h e   h e i g h t  o f   t h e   f a l l i n g  f i l m  

in  a c c o r d a n c e   w i t h   t h e   r e q u i r e d  h e a t i n g  t i m e .   R a i s i n g  

the   h e i g h t   of  t h e   f a l l i n g  f i l m   i n c r e a s e s   t h e  t i m e  

e x p o s u r e   of  t h e   p r o d u c t   t o  h e a t ,   w h i l e   l o w e r i n g   t h e  

h e i g h t   of  t h e   f i l m   r e d u c e s   t h e   e x p o s u r e   t i m e .  

S i m i l a r l y ,   t h e   t e m p e r a t u r e   and  p r e s s u r e   w i t h i n   t h e  

s t e r i l i z a t i o n   c h a m b e r   m u s t  b e   s e t   in  a c c o r d a n c e   w i t h  

e x p e r i m e n t a l l y   d e t e r m i n e d   o p t i m u m   v a l u e s   f o r   t h e  

p r o d u c t   in  q u e s t i o n .   I t   i s   t h e n   n e c e s s a r y  t o   s e t   t h e  

f l o w   r a t e   of  t h e   s y s t e m  a t   an  a p p r o p r i a t e   l e v e l .   T h e  

f l o w   r a t e   i s   d e t e r m i n e d   by  t h e   w i d t h   and  t h i c k n e s s   o f  

the   f a l l i n g   f i l m ,   t h e   n u m b e r - o f   f a l l i n g   f i l m s   u t i l i z e d ,  

and  by  the   v i s c o s i t y   of   t h e  p r o d u c t .   T h e  s y s t e m   c a n  

t h e n   be  a d j u s t e d  u s i n g   t h e   b a l a n c e   f o r c e   t e c h n i q u e   t o  

o p e r a t e   u n i f o r m l y   a t   t h e   d e s i r e d  f l o w   r a t e .  

O b v i o u s l y ,   n u m e r o u s   a d d i t i o n a l   m o d i f i c a t i o n s   a n d  

v a r i a t i o n s   o f  t h e   p r e s e n t  i n v e n t i o n   a r e   p o s s i b l e   i n  

l i g h t   of  t h e  a b o v e   t e a c h i n g s .   I t   i s  t h e r e f o r e   to   b e  

u n d e r s t o o d   t h a t   w i t h i n   t h e   s c o p e  o f   t he   a p p e n d e d   c l a i m s  

the   i n v e n t i o n   may  b e  p r a c t i c e d   o t h e r w i s e   t h a n   a s  

s p e c i f i c a l l y   d e s c r i b e d   h e r e i n .  



1.  A  p r o c e s s   f o r   h e a t   t r e a t i n g   a  f l u e n t   p r o d u c t   in  a  

p r e s s u r e   v e s s e l ,   c o m p r i s i n g   the   s t e p s   of  f o r m i n g   a  

t h i n ,   c o n t i n u o u s ,   i s o l a t e d   body  of  s a i d   p r o d u c t  

w i t h i n   s a i d   v e s s e l ,   d i r e c t l y   h e a t i n g   s a i d   body  o f  

p r o d u c t   to   a  p r e d e t e r m i n e d   t e m p e r a t u r e   r a n g e   f o r   a  

p r e d e t e r m i n e d   i n t e r v a l ,   and  c o l l e c i n g   and  r e m o v i n g  

s a i d   p r o d u c t   a f t e r   h e a t i n g   f rom  s a i d   v e s s e l   w i t h  

minimum  p h y s i c a l   a g i t a t i o n .  

2.  A  p r o c e s s   as  in  C l a i m   1,  w h e r e i n   s a i d   s t e p   o f  

f o r m i n g   c o m p r i s e s   the   s t e p s   of  s u p p l y i n g   s a i d  

p r o d u c t   to   a  f i l m   f o r m i n g   head   w i t h i n   s a i d   v e s s e l ,  

and  d i s t r i b u t i n g   s a i d   p r o d u c t   u n i f o r m l y   a l o n g   t h e  

l e n g t h   of  s a i d   f i l m   f o r m i n g   h e a d .  

3.  A  p r o c e s s   as  in  C l a i m   2,  w h e r e i n   s a i d   s t e p   o f  

d i s t r i b u t i n g   i n c l u d e s   t he   s t e p   of  p a s s i n g   s a i d  

p r o d u c t   t h r o u g h   a  d i s t r i b u t i o n   a p p a r a t u s   w i t h i n  

s a i d   f i l m   f o r m i n g   head   w h i c h   e q u a l i z e s   t he   f l o w   o f  

p r o d u c t   t h r o u g h o u t   the   l e n g t h   of  s a i d   f i l m   f o r m i n g  

head   r e g a r d l e s s   of  a  n o n - u n i f o r m   p r e s s u r e  
d i s t r i b u t i o n   e x i s t i n g   w i t h i n   s a i d   h e a d .  

4.  A  p r o c e s s   as  in  C l a i m   1,  w h e r e i n   s a i d   s t e p   o f  

d i r e c t l y   h e a t i n g   i n c l u d e s   t he   s t e p   of  p r o v i d i n g   a  

h e a t e d   g a s e o u s   medium  in  s a i d   v e s s e l ,   a n d  

p e r m i t t i n g   s a i d   i s o l a t e d   body  of  s a i d   p r o d u c t   t o  

f a l l   t h r o u g h   a t   l e a s t   a  p o r t i o n   of  s a i d   h e a t e d  

g a s e o u s   m e d i u m .  

5.  A  p r o c e s s   as  in  C l a i m   4,  w h e r e i n   s a i d   s t e p   o f  

p r o v i d i n g   i n c l u d e s   t he   s t e p   of  s u p p l y i n g   c u l i n a r y  

s t e a m   h e a t e d   to   a  t e m p e r a t u r e   in  t he   r a n g e   b e t w e e n  



280  and  310°F   to  t h e   i n t e r i o r   of  s a i d   v e s s e l .  

6.  A  p r o c e s s   as  in  C l a i m   1,  w h e r e i n   s a i d   s t e p   o f  

d i r e c t l y   h e a t i n g   c o m p r i s e s   t h e   s t e p   of   p e r m i t t i n g  

s a i d   p r o d u c t   to  f a l l   f rom  1  to   3  f e e t   t h r o u g h   a  

h e a t e d   g a s e o u s   a t m o s p h e r e   w i t h o u t   e n g a g i n g   a n y t h i n g  

e x c e p t   s a i d   a t m o s p h e r e   b e t w e e n   s a i d   s t e p s   o f  

f o r m i n g   and  c o l l e c t i n g .  

7.  A  p r o c e s s   as  in  C l a i m   1,  w h e r e i n   s a i d   s t e p   o f  

c o l l e c t i n g   and  r e m o v i n g   i n c l u d e s   t h e   s t e p s   o f  

a c c u m u l a t i n g   s a i d   p r o d u c t   a f t e r   s a i d   s t e p   o f  

h e a t i n g   w i t h o u t   p e r m i t t i n g   s a i d   p r o d u c t   to   e n g a g e   a  

s u r f a c e   h o t t e r   t h a n   s a i d   p r o d u c t ,   and  w i t h d r a w i n g  

s a i d   p r o d u c t   f rom  s a i d   v e s s e l   w i t h o u t   s u b j e c t i n g   i t  

to   s p l a s h i n g   or  o t h e r   v i o l e n t   p h y s i c a l   a g i t a t i o n .  

8.  A  p r o c e s s   as  in  C l a i m   1,  w h e r e i n   s a i d   s t e p   o f  

d i r e c t l y   h e a t i n g   c o m p r i s e s   t h e   s t e p   of  s u p p l y i n g  

c u r t a i n s   of  a  low  v e l o c i t y   h e a t e d   g a s e o u s   medium  t o  

s a i d   p r e s s u r e   v e s s e l ,  s a i d   s t e p   of   s u p p l y i n g   b e i n g  

c a r r i e d   o u t   so  as  to   p r e v e n t   d i s r u p t i o n   of  s a i d  

t h i n ,   c o n t i n u o u s ,   i s o l a t e d   body   of  p r o d u c t .  

9.  A  p r o c e s s   as  in  C l a i m   1,  f u r t h e r   c o m p r i s i n g   t h e  

s t e p s   of  t r a n s p o r t i n g   s a i d   p r o d u c t   t o   a  c o o l i n g  

v e s s e l   w i t h i n   a  p r e d e t e r m i n e d   i n t e r v a l   of  t i m e   w i t h  

a  minimum  of  a g i t a t i o n ,   and  r a p i d l y   c o o l i n g   s a i d  

p r o d u c t   in  s a i d   c o o l i n g   v e s s e l .  

10.   A  m e t h o d   of  f o r m i n g   a  f l o w i n g   f l u e n t   p r o d u c t   i n t o   a  

t h i n ,   c o n t i n u o u s ,   i s o l a t e d   f l u i d   body  c o m p r i s i n g  

t h e  s t e p s   of  d e t e r m i n i n g   an  o p t i m u m   i n i t i a l  

v e l o c i t y   f o r   f o r m i n g   and  m a i n t a i n i n g   s a i d   t h i n ,  

c o n t i n u o u s   i s o l a t e d   f l u i d   body   f o r   s a i d   f l u e n t  



p r o d u c t ,   s e l e c t i n g   a  d e s i r e d   f l ow  r a t e   f o r   s a i d  

f l u i d   b o d y ,   p r o v i d i n g   an  e l o n g a t e d   a p e r t u r e   o f  

s u i t a b l e   l e n g t h   t h r o u g h   w h i c h   s a i d   f l u e n t   p r o d u c t  

w i l l   p a s s ,   d e t e r m i n i n g   the   w i d t h   of  s a i d   a p e r t u r e  

to  p r o v i d e   s a i d   o p t i m u m   i n i t i a l   v e l o c i t y ,   e v e n l y  

d i s t r i b u t i n g   s a i d   f l u e n t   p r o d u c t   t h r o u g h o u t   s a i d  

a p e r t u r e   so  t h a t   a p p r o x i m a t e l y   t he   same  v o l u m e   o f  

p r o d u c t   p a s s e s   t h r o u g h   each   l i n e a r   s e g m e n t   of  s a i d  

a p e r t u r e .  

11.  A  m e t h o d   as  in  C l a i m   10,  f u r t h e r   c o m p r i s i n g   t h e  

s t e p   of  a l l o w i n g   s a i d   e v e n l y   d i s t r i b u t e d   f l u e n t  

p r o d u c t   to   f a l l   a  p r e d e t e r m i n e d   d i s t a n c e   u n d e r   t h e  

i n f l u e n c e   of  g r a v i t a t i o n a l   f o r c e .  

12.  A  m e t h o d   as  in  C l a i m   11,   f u r t h e r   c o m p r i s i n g   t h e  

s t e p   of  l i m i t i n g   the   f i n a l   v e l o c i t y   a c h i e v e d   b y  

s a i d   f l u e n t   p r o d u c t   to  p r e v e n t   s a i d   t h i n ,  

c o n t i n u o u s ,   i s o l a t e d   f l u i d   body  f rom  b e c o m i n g  

d i s c o n t i n u o u s .  

13.   A  m e t h o d   as  in  C l a i m   12,  f u r t h e r   c o m p r i s i n g   t h e  

s t e p   of  d i v e r t i n g   s a i d   f a l l i n g   f l u e n t   p r o d u c t   i n t o  

a  c o l l e c t i n g   zone   w i t h o u t   p e r m i t t i n g   s a i d   t h i n ,  

c o n t i n u o u s ,   i s o l a t e d   f l u i d   body  to  b e c o m e  

d i s c o n t i n u o u s .  

14.  A  d i s p e n s i n g   head   f o r   f o r m i n g   a  f l u e n t   p r o d u c t   i n t o  

a  t h i n ,   c o n t i n u o u s ,   i s o l a t e d   f i l m   c o m p r i s i n g :   a n  

e l o n g a t e d   s t r u c t u r e   f o r m i n g   a  c h a m b e r   f o r   r e c e i v i n g  

a  q u a n t i t y   of  s a i d   f l u e n t   m a t e r i a l ,   s a i d   e l o n g a t e d  

s t r u c t u r e   h a v i n g   a  d i s c h a r g e   a p e r t u r e   f o r m e d  

t h e r e i n ,   s u p p l y   means  c o u p l e d   to  s a i d   e l o n g a t e d  

s t r u c t u r e   f o r   s u p p l y i n g   a  q u a n t i t y   of  s a i d   f l u e n t  

m a t e r i a l   to   s a i d   c h a m b e r ,   and  d i s t r i b u t i o n   m e a n s  



p o s i t i o n e d   w i t h i n   s a i d   e l o n g a t e d   s t r u c t u r e   f o r  

d i s t r i b u t i n g   s u b s t a n t i a l l y   e q u a l   q u a n t i t i e s   of  s a i d  

f l u e n t   m a t e r i a l   to   e a c h   l i n e a r   s e g m e n t   of  s a i d  

d i s c h a r g e   a p e r t u r e .  

15 .   A  d i s p e n s i n g   head   as  in  C l a i m   14,   w h e r e i n   s a i d  

d i s t r i b u t i n g   means   c o m p r i s e s   a  s t r u c t u r a l   m e m b e r  

h a v i n g   a  n o n - u n i f o r m   d i s t r i b u t i o n   of  a p e r t u r e s  

t h e r e t h r o u g h ,   s a i d   a p e r t u r e s   d i s t r i b u t e d  t o   fo rm  a  

l i n e a r l y   v a r y i n g   n e t   o p e n i n g   t h r o u g h   s a i d  

s t r u c t u r a l   m e m b e r .  

16 .   A  d i s p e n s i n g   h e a d   as  in  C l a i m   15,   w h e r e i n   s a i d  

d i s t r i b u t i o n   of  a p e r t u r e s   i n c l u d e s   a  s e r i e s   o f  

o p e n i n g s   of  p r o g r e s s i v e l y - s m a l l e r   s i z e .  

17.   A  d i s p e n s i n g   head   as  in  C l a i m   15,   w h e r e i n   s a i d  

d i s t r i b u t i o n   of  a p e r t u r e s   i n c l u d e s   a  p l u r a l i t y   o f  

o p e n i n g s   of  s i m i l a r   s i z e   s p a c e d   to  p r o v i d e   a  

p r o g r e s s i v e l y   s m a l l e r   d e n s i t y   of  o p e n i n g s   t h r o u g h  

s a i d   s t r u c t u r a l   m e m b e r .  

18 .   A  d i s p e n s i n g   h e a d   as  in  C l a i m   15 ,   w h e r e i n   s a i d  

d i s t r i b u t i n g   means   c o m p r i s e s   a  g e n e r a l l y   f l a t - p l a t e  

d i v i d i n g   s a i d   c h a m b e r   w i t h i n   s a i d   e l o n g a t e d  

s t r u c t u r e   i n t o   two  s u b - c h a m b e r s .  

19.   A  d i s p e n s i n g   head   as  in  C l a i m   15,   w h e r e i n   s a i d  

d i s t r i b u t i n g .  m e a n s   c o m p r i s e s   a  t u b u l a r   m e m b e r  

d i s p o s e d   w i t h i n   s a i d   e l o n g a t e d   s t r u c t u r e   a n d  

e x t e n d i n g   a l o n g   t h e   a x i s   t h e r e o f .  

20.   A  d i s p e n d i n g   head   as  in  C l a i m   14 ,   w h e r e i n   s a i d  

s u p p l y   means   is   c o u p l e d   to   s a i d   e l o n g a t d   s t r u c t u r e  

a t   o n l y   one  p o i n t .  



21.  A  d i s p e n s i n g   head   as  in  C l a i m   14,  w h e r e i n   s a i d  

s u p p l y   means   is   c o u p l e d   to  b o t h   ends   of  s a i d  

e l o n g a t e d   s t r u c t u r e   f o r   f o r m i n g   an  end  f e e d   s u p p l y  

a p p a r a t u s .  

22.  A  d i s p e n s i n g   head   as  in  C l a i m   14,   f u r t h e r  

c o m p r i s i n g   r e m o v a b l e   end  cap  means   f o r   e n c l o s i n g  

o p p o s i t e   e n d s   of  s a i d   e l o n g a t e d   s t r u c t u r e .  

23.  A  d i s p e n s i n g   head   as  in  C l a i m   22,  w h e r e i n   s a i d   e n d  

cap  means   c o m p r i s e s   m e t a l   cap  means   f o r  

i n t e r f i t t i n g   w i t h   an  end  of  s a i d   e l o n g a t e d  

s t r u c t u r e ,   s e a l i n g   g a s k e t   means   p o s i t i o n e d   w i t h i n  

s a i d   m e t a l   c a p ,   and  o v e r - c e n t e r   s n a p   a c t i o n  

f a s t e n i n g   means   c o u p l e d   to  s a i d   e l o n g a t e d   s t r u c t u r e  

f o r   s e c u r i n g   s a i d   m e t a l   cap  means   in  p l a c e .  

24.  An  a p p a r a t u s   f o r   t r e a t i n g   a  f l u e n t   m a t e r i a l   w i t h   a  

h e a t e d   gas   h a v i n g   an  i n i t i a l   f l o w   v e l o c i t y  

c o m p r i s i n g :   a  p r e s s u r e   v e s s e l ,   d i s p e n s i n g   m e a n s  

m o u n t e d   w i t h i n   s a i d   v e s s e l   f o r   f o r m i n g   a t   l e a s t   o n e  

t h i n ,   i s o l a t e d ,   c o n t i n u o u s   f i l m   of  s a i d   f l u e n t  

m a t e r i a l ,   b a f f l e   means  m o u n t e d   w i t h i n   s a i d   p r e s s u r e  

v e s s e l   f o r   r e d u c i n g   s a i d   i n i t i a l   f l o w   v e l o c i t y   o f  

s a i d   h e a t e d   gas   and  f o r   d i s t r i b u t i n g   s a i d   g a s  
w i t h i n   s a i d   v e s s e l   to   a c h i e v e   r a p i d   h e a t i n g   of  s a i d  

t h i n ,   i s o l a t e d ,   c o n t i n u o u s   f i l m   of  s a i d   f l u e n t  

m a t e r i a l   w h i l e   s u b j e c t i n g   s a i d   f i l m   to  a  minimum  o f  

p h y s i c a l   p e r t u r b a t i o n ,   f l u i d   o u t l e t   means   c o u p l e d  

to  s a i d   v e s s e l   f o r   w i t h d r a w i n g   t r e a t e d   f l u e n t  

m a t e r i a l   t h e r e f r o m ,   and  f l u i d   c o l l e c t i n g   m e a n s  

w i t h i n   s a i d   p r e s s u r e   v e s s e l   f o r   i n t e r c e p t i n g   s a i d  

t h i n ,   i s o l a t e d ,   c o n t i n u o u s   f i l m   and  f o r   s u p p l y i n g  

s a i d   t r e a t e d   f l u e n t   m a t e r i a l   to  s a i d   o u t l e t   m e a n s  



w i t h   a  min imum  of  p h y s i c a l   a g i t a t i o n .  

25.   An  a p p a r a t u s   as  in  C l a i m   24  w h e r e i n   s a i d   d i s p e n s i n g  

means   c o m p r i s e s   an  e l o n g a t e d   s t r u c t u r e   f o r m i n g   a  

c h a m b e r   f o r   r e c e i v i n g   a  q u a n t i t y   of  s a i d   f l u e n t  

m a t e r i a l ,   s a i d   e l o n g a t e d   body  h a v i n g   a  d i s c h a r g e  

a p e r t u r e   f o r m e d   t h e r e i n ,   and  d i s t r i b u t i o n   m e a n s  

p o s i t i o n e d   w i t h i n   s a i d   e l o n g a t e d   s t r u c t u r e   f o r  

d i s t r i b u t i n g   s u b s t a n t i a l l y   e q u a l   q u a n t i t i e s   of  s a i d  

f l u e n t   m a t e r i a l   to   e a c h   l i n e a r   s e g m e n t   of  s a i d  

d i s c h a r g e   a p e r t u r e .  

26.   An  a p p a r a t u s   as  in   C l a i m   24,   w h e r e i n   s a i d  

d i s p e n s i n g   means   c o m p r i s e s   s u p p l y   p i p e   means   f o r  

c a r r y i n g   a  f l o w   of  s a i d   f l u e n t   m a t e r i a l ,   b r a n c h  

p i p e   means   c o u p l e d  t o   s a i d   s u p p l y   p i p e   means   f o r  

d i v i d i n g   s a i d   f l o w   t h e r e i n   i n t o   a  p l u r a l i t y  o f  

c o m p o n e n t s ,   and  a  p l u r a l i t y   of  f i l m   f o r m i n g   h e a d  

means   c o u p l e d   to  s a i d   b r a n c h   p i p e   means   f o r   f o r m i n g  

a  p l u r a l i t y   of  t h i n ,   i s o l a t e d ,   c o n t i n u o u s   f i l m s   o f  

s a i d   f l u e n t   m a t e r i a l .  

27.   An  a p p a r a t u s   as  i n  C l a i m   24,   w h e r e i n   s a i d   b a f f l e  

means   c o m p r i s e s   h e a t e d   gas   i n l e t   means   f o r  

s u p p l y i n g   s a i d   h e a t e d   gas   to   s a i d   v e s s e l ,   a n n u l a r  

g u i d e   means   p o s i t i o n e d   a t   t h e   i n n e r   p e r i p h e r y   o f  

s a i d   p r e s s u r e   v e s s e l   f o r   r e c e i v i n g   s a i d   h e a t e d   g a s  
f rom  s a i d   i n l e t   means   and  c h a n g i n g   t he   f l o w  

d i r e c t i o n   t h e r e o f ,   and  b a f f l e   p l a t e   means   e n g a g i n g  
s a i d   a n n u l a r   g u i d e   means   f o r   p e r m i t t i n g   s a i d   h e a t e d  

gas   to  d i f f u s e   e v e n l y   and  a t   a  r e d u c e d   v e l o c i t y  

i n t o   t he   a r e a   of  s a i d   v e s s e l   o c c u p i e d  b y   s a i d   f i l m .  

28.   An  a p p a r a t u s   as  in  C l a i m   27,   w h e r e i n   s a i d   b a f f l e  

p l a t e   means   c o m p r i s e s   a  g e n e r a l l y   d i s k - s h a p e d  



e l e m e n t ,   t he   p e r i p h e r y   of  w h i c h   e n g a g e s   s a i d  

a n n u l a r   g u i d e   m e a n s ,   s a i d   d i s k   h a v i n g   rows  o f  

a p e r t u r e s   t h e r e t h r o u g h ,   s a i d   a p e r t u r e s   s p a c e d   t o  

p r o v i d e   a  p r o g r e s s i v e l y   s m a l l e r   d e n s i t y   of  o p e n i n g s  

t h r o u g h   s a i d   g e n e r a l l y   d i s k - s h a p e d   e l e m e n t   t o w a r d  

the   c e n t e r   t h e r e o f ,   and  s a i d   rows  of  a p e r t u r e s  

o r i e n t e d   p a r a l l e l   to   s a i d   t h i n ,   i s o l a t e d ,  

c o n t i n u o u s   f i l m   of  s a i d   f l u e n t   m a t e r i a l   w h e r e b y  
s a i d   h e a t e d   gas   f l o w s   t h r o u g h   s a i d   a p e r t u r e s   t o  

form  c u r t a i n s   of  h e a t e d   gas   on  o p p o s i t e   s i d e s   o f  

s a i d   f i l m   w i t h o u t   p h y s i c a l l y   d i s t u r b i n g   s a i d   f i l m .  

29.  An  a p p a r a t u s   as  in  C l a i m   24,   w h e r e i n   s a i d   f l u i d  

c o l l e c t i n g   means  c o m p r i s e s   a  c o n i c a l   l o w e r   s e c t i o n  

of  s a i d   p r e s s u r e   v e s s e l ,   a  l a y e r   of  a  n o n - m e t a l l i c ,  

c h e m i c a l l y   i n e r t   m a t e r i a l   of  low  t h e r m a l  

c o n d u c t i v i t y   c o v e r i n g   s a i d   c o n i c a l   l o w e r   s e c t i o n ,  

and  means   a s s o c i a t e d   w i t h   s a i d   c o n i c a l   l o w e r  

s e c t i o n   f o r   p r e v e n t i n g   e x c e s s i v e   h e a t i n g   t h e r e o f .  

30.  An  a p p a r a t u s   as  in  C l a i m   24,   w h e r e i n   s a i d   f l u i d  

c o l l e c t i n g   means   c o m p r i s e s   a  c o n i c a l   e l e m e n t   f o r m e d  

of  a  n o n - m e t a l l i c ,   c h e m i c a l l y   i n e r t   m a t e r i a l   of  l o w  

t h e r m a l   c o n d u c t i v i t y   s u p p o r t e d   w i t h i n   a  l o w e r  

p o r t i o n   of  s a i d   p r e s s u r e   v e s s e l .  

31.  An  a p p a r a t u s   as  in  C l a i m   29,   f u r t h e r   c o m p r i s i n g  

h o l d i n g   t u b e   means   c o u p l e d   to   s a i d   f l u i d   o u t l e t  

m e a n s   f o r   m a i n t a i n i n g   s a i d   f l u e n t   m a t e r i a l   a t   a  

s e l e c t e d   t e m p e r a t u r e   f o r   a  s e l e c t e d   i n t e r v a l   o f  

t i m e .  

32.  An  a p p a r a t u s   as  in  C l a i m   31,  f u r t h e r   c o m p r i s i n g  

b a l a n c e d   f o r c e   c o n t r o l   means   c o u p l e d   to  s a i d  

h o l d i n g   t u b e   means   f o r   m a i n t a i n i n g   a  s t a b l e   l i q u i d  



l e v e l   in  s a i d   p r e s s u r e   v e s s e l   i n d e p e n d e n t   o f  

c h a n g e s   in  s y s t e m   d y n a m i c s .  

33.   An  a p p a r a t u s   as  in  C l a i m   31,   f u r t h e r  c o m p r i s i n g  

h e a t e d   gas   s u p p l y   v a l v e   means   f o r   s u p p l y i n g   s a i d  

h e a t e d   gas   u n d e r   p r e s s u r e   to  s a i d   p r e s s u r e   v e s s e l ,  

p r e s s u r e   s e n s i n g   means   c o u p l e d   to   s a i d   p r e s s u r e  
v e s s e l   f o r   s e n s i n g   gas   p r e s s u r e   t h e r e i n ,  

t e m p e r a t u r e   s e n s i n g   means   c o u p l e d   to   s a i d   h o l d i n g  

t u b e   means   f o r   s e n s i n g   f l u e n t   m a t e r i a l   t e m p e r a t u r e  

t h e r e i n ,   and  c o n t r o l   means   c o u p l e d   to   s a i d   v a l v e  

means   f o r   c o n t r o l l i n g   t he   s u p p l y   of  s a i d   h e a t e d   g a s  
to   s a i d   p r e s s u r e   v e s s e l   in  r e s p o n s e   to   c a s c a d e d  

t e m p e r a t u r e   and  p r e s s u r e   m e a s u r e m e n t s .  

34.   An  a p p a r a t u s   as  in  C l a i m   3 1  w h e r e i n   s a i d   c o n t r o l  

m e a n s   f u r t h e r   c o m p r i s e s   f i r s t   c o n t r o l l e r   m e a n s  

c o u p l e d   to   s a i d   t e m p e r a t u r e   s e n s i n g   means   f o r  

p r o d u c i n g   an  o u t p u t   e r r o r   s i g n a l   in  r e s p o n s e   t o  

m i d - t e m p e r a t u r e   s e n s i n g   means   g e n e r a t i n g   an  o u t p u t  

w h i c h   d e v i a t e s   f rom  a  p r e s e t   r e f e r e n c e   v a l u e ,   a n d  

s e c o n d   c o n t r o l l e r   means   c o u p l e d   to   s a i d   p r e s s u r e  

s e n s i n g   means   and  to   s a i d   f i r s t   c o n t r o l l e r   m e a n s  

f o r   a d j u s t i n g   s a i d   h e a t e d   gas   s u p p l y   v a l v e   i n  

r e s p o n s e   to   a  d i f f e r e n c e   o c c u r i n g   b e t w e e n   t h e  

o u t p u t   of   s a i d   p r e s s u r e   s e n s i n g   means   and  t h e  

o u t p u t   of  s a i d   f i r s t   c o n t r o l l e r   m e a n s .  

35.   An  a p p a r a t u s   as  in   C l a i m   31  w h e r e i n   s a i d   c o n t r o l  

means   f u r t h e r   c o m p r i s e s   f i r s t   c o n t r o l l e r   m e a n s  

c o u p l e d   to   s a i d   p r e s s u r e   s e n s i n g   means   f o r  

p r o d u c i n g   an  o u t p u t   e r r o r   s i g n a l   in  r e s p o n s e   t o  

s a i d   p r e s s u r e   s e n s i n g   means  g e n e r a t i n g   an  o u t p u t  

w h i c h   d e v i a t e s   f rom  a  p r e s e t   r e f e r e n c e  v a l u e   a n d ,  

s e c o n d   c o n t r o l l e r   means   c o u p l e d   to   s a i d   t e m p e r a t u r e  



s e n s i n g   means   and  to  s a i d   f i r s t   c o n t r o l l e r   m e a n s  

f o r   a d j u s t i n g   s a i d   h e a t e d   gas   s u p p l y   v a l v e   i n  

r e s p o n s e   to   a  d i f f e r e n c e   o c c u r i n g   b e t w e e n   t h e  

o u t p u t   of  s a i d   t e m p e r a t u r e   s e n s i n g   means   and  t h e  

o u t p u t   of  s a i d   f i r s t   c o n t r o l l e r   m e a n s .  

36.  A  m e t h o d   f o r   m a i n t a i n i n g   a  s t a b l e   f l u i d   l e v e l   in  a  

p r e s s u r i z e d   f l u i d   p r o c e s s i n g   s y s t e m   i n d e p e n d e n t   o f  

l a r g e   c h a n g e s   in  s y s t e m   d y n a m i c s ,   c o m p r i s i n g   t h e  

s t e p s   of  e s t a b l i s h i n g   a  d e s i r e d   f l ow  r a t e   i n t o   s a i d  

s y s t e m ,   p r e s s u r i z i n g   s a i d   s y s t e m   to  a  d e s i r e d  

l e v e l ,   and  s e t t i n g   a  f l o w   r a t e   ou t   of  s a i d   s y s t e m  

w h e r e b y   a  p r e d e t e r m i n e d   f l u i d   l e v e l   is   m a i n t a i n e d  

in  s a i d   s y s t e m .  

37.  A  m e t h o d   as  in  C l a i m   36,   f u r t h e r   c o m p r i s i n g   t h e  

s t e p   of  h e a t i n g   s a i d   s y s t e m   to  a  p r e d e t e r m i n e d  

t e m p e r a t u r e .  

38.  A  s y s t e m   f o r   p r o c e s s i n g   f l u e n t   m a t e r i a l s  

c o m p r i s i n g :   f l u e n t   m a t e r i a l   s u p p l y   means   f o r  

d e l i v e r i n g   a  f l o w   of  s a i d   f l u e n t   m a t e r i a l ,  

p r e h e a t i n g   means   c o u p l e d   to  s a i d   f l u e n t   m a t e r i a l  

s u p p l y   means   f o r   p r o v i d i n g   i n i t i a l   h e a t i n g   to  s a i d  

f l u e n t   m a t e r i a l ,   h i g h   t e m p e r a t u r e   s t e r i l i z e r   m e a n s  

c o u p l e d   to   s a i d   p r e h e a t i n g   means   f o r   s u b j e c t i n g  

s a i d   f l u e n t   m a t e r i a l   to  a  s t e r i l i z a t i o n   t e m p e r a t u r e  

f o r   a  s h o r t   i n t e r v a l   of  t i m e ,   b a l a n c e d   f o r c e  

c o n t r o l   means   c o u p l e d   to  s a i d   s t e r i l i z e r   means   f o r  

m a i n t a i n i n g   a  s t a b l e   f l u i d   l e v e l   t h e r e i n  

i n d e p e n d e n t   of  c h a n g e s   in  s y s t e m   d y n a m i c s ,   c a s c a d e d  

p r e s s u r e ,   t e m p e r a t u r e   c o n t r o l  

means  c o u p l e d   to  s a i d   h i g h   t e m p e r a t u r e   s t e r i l i z e r  

means  f o r   c o n t r o l l i n g   t he   p r e s s u r e   and  t e m p e r a t u r e  

t h e r e i n ,   and  f l a s h   c o o l i n g   c h a m b e r   means   c o u p l e d   t o  



s a i d   h i g h   t e m p e r a t u r e   s t e r i l i z e r   means   f o r   c o o l i n g  

s a i d   f l u e n t   m a t e r i a l   a f t e r   s t e r i l i z a t i o n .  

39.  A  s y s t e m   as  in   C l a i m   38  f u r t h e r   c o m p r i s i n g   h e a t e d  

gas   s u p p l y   v a l v e   m e a n s  f o r   s u p p l y i n g   a  h e a t e d   g a s  
u n d e r   p r e s s u r e   to   s a i d   h i g h   t e m p e r a t u r e   s t e r i l i z e r  

m e a n s ,   p r e s s u r e   s e n s i n g   means   c o u p l e d   to   s a i d   h i g h  

t e m p e r a t u r e   s t e r i l i z i n g   means   f o r   s e n s i n g   g a s  

p r e s s u r e   t h e r e i n ,   t e m p e r a t u r e   s e n s i n g   means   c o u p l e d  

to  s a i d   h i g h   t e m p e r a t u r e   s t e r i l i z i n g   means   f o r  

s e n s i n g   f l u e n t   m a t e r i a l   t e m p e r a t u r e   t h e r e i n ,   a n d  

w h e r e i n   s a i d   c a s c a d e d   p r e s s u r e ,   t e m p e r a t u r e   c o n t r o l  

means   i s   c o u p l e d   to   s a i d   v a l v e   means   f o r  

c o n t r o l l i n g   t h e   s u p p l y   of  s a i d   h e a t e d   gas   d e l i v e r e d  

to  s a i d   h i g h   t e m p e r a t u r e   s t e r i l i z i n g   m e a n s ,   i n  

r e s p o n s e   to   c a s c a d e d   t e m p e r a t u r e   and  p r e s s u r e  

m e a s u r e m e n t s .  

40.   A  s y s t e m   as  in  C l a i m  3 9 ,   w h e r e i n   s a i d   c a s c a d e d  

p r e s s u r e ,   t e m p e r a t u r e   c o n t r o l   means   c o m p r i s e s ,  

f i r s t   c o n t r o l l e r   means  c o u p l e d   to   s a i d   t e m p e r a t u r e  

s e n s i n g   m e a n s   f o r   p r o d u c i n g   an  o u t p u t   e r r o r   s i g n a l  

in  r e s p o n s e   to   s a i d   t e m p e r a t u r e   s e n s i n g   m e a n s  

g e n e r a t i n g   an  o u t p u t   w h i c h   d e v i a t e s   f rom  a  p r e s e t  

r e f e r e n c e   v a l v e ,   and  s e c o n d   c o n t r o l l e r . m e a n s  

c o u p l e d   to   s a i d   p r e s s u r e   s e n s i n g   means   and  to   s a i d  

f i r s t   c o n t r o l l e r   means  f o r   a d j u s t i n g   s a i d   h e a t e d  

gas   s u p p l y   v a l v e   in  r e s p o n s e   to   a  d i f f e r e n c e  

o c c u r r i n g   b e t w e e n   the   o u t p u t   of  s a i d   p r e s s u r e  

s e n s i n g   m e a n s   and  the   o u t p u t   of  s a i d   f i r s t  

c o n t r o l l e r   m e a n s .  

41.  A  s y s t e m   as  in   C l a i m   39,  w h e r e i n   s a i d   c a s c a d e d  

p r e s s u r e ,   t e m p e r a t u r e   c o n t r o l   means   c o m p r i s e s   f i r s t  

c o n t r o l l e r   means   c o u p l e d   to  s a i d   p r e s s u r e   s e n s i n g  



means   f o r   p r o d u c i n g   an  o u t p u t   e r r o r   s i g n a l   i n  

r e s p o n s e   to  s a i d   p r e s s u r e   s e n s i n g   means   g e n e r a t i n g  

an  o u t p u t   wh ich   d e v i a t e s   f rom  a  p r e s e t   r e f e r e n c e  

v a l v e ,   and  s e c o n d   c o n t r o l l e r   means   c o u p l e d   to  s a i d  

t e m p e r a t u r e   s e n s i n g ' m e a n s   and  to  s a i d   f i r s t  

c o n t r o l l e r   means   f o r   a d j u s t i n g   s a i d   h e a t e d   g a s  

s u p p l y   v a l v e   in  r e s p o n s e   to  a  d i f f e r e n c e   o c c u r i n g  

b e t w e e n   the   o u t p u t   of  s a i d   t e m p e r a t u r e   s e n s i n g  

means   and  the   o u t p u t   of  s a i d   f i r s t   c o n t r o l l e r  

m e a n s .  
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